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INTRODUCTION 


T HIS book started with the wish expressed by a number 
of the past pupils and associates of Professor Golla to 
honour him with a present in commemoration of his 
seventieth birthday. It is not intended as a formal treatise : but it 
is hoped that it may serve a useful purpose in bringing together a 
series of viewpoints or perspectives from some of the main fields 

• a ^ have a bearing on neuropsychiatry. The 

writers have aimed at indicating the most promising lines of 
advance and goals to be aimed at in the future in the fields in 
which they are working. There are clearly a number of gaps 
which it has not been within the scope of the present volume to 
cover. No attempt has been made to give an appearance of com¬ 
pleteness or uniformity of opinion which in the present state of 
our knowledge would hardly be justified. 

Professor Golla succeeded Sir Frederick Mott as Director of 
the Central Pathological Laboratory at the Maudsley Hospital, 
London, and in 1939 he became Director of the Burden Neuro¬ 
logical Institute at Bristol. His original work extends from his 
earlier studies on the speed of conduction of a nervous impulse 
to his more redent pioneering work on the electroencephalo¬ 
graph, which he was the first in this country to apply to the 
study of neuropsychiatry. The essays included in this volume do 
not give an adequate indication of the wide range of his interests 
or his profound influence on neuropsychiatry in this country; 

D. R. 
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PERSPECTIVES IN NEUROPSYCHIATRY 


THE ANATOMICAL PERSPECTIVE IN 

NEUROPSYCHIATRY 

By W. E. LE GROS CLARK, 

D.Sc., F.R.C.S., F.R.S. 

(Professor of Anatomy, University of Oxford) 

A N interesting development during recent years in the 
fields of neurology and psychiatry is the increasing use of 
the term psychosomatic —a term which now seems to 
be gaining wide acceptance in its obvious implication of the 
intimate relationship between the physical structure of the brain 
and the psychological manifestations of cerebral activity. To 
the anatomist and physiologist this implication has always been 
accepted as a working hypothesis. Its wider recognition is no 
doubt largely the result of the gradual accumulation of evidence 
that localised lesions in the base of the forebrain (particularly in 
the region of the hypothalamus) may have a profound effect on 
the more fundamental aspects of mental activity such as those 

various autonomic 

functions which are so closely linked with these. The details of 
this evidence were in the first place elucidated by physiological 
experimentation, from which it is now well established,^not 
only that gross changes in emotional reactions can be induced 
by appropriately placed lesions in the hypothalamus, but that 
such lesions can also lead to disturbances of discrete autonomic 
functions such as those concerned with cardio-vascular reflexes 
viscero-motor functions, water metabolism and sleep. The fur¬ 
ther experimental demonstration that the hypothalamic centres 
themselves can be directly influenced by cortical activity has 

S u rV u j 0 em P hasise t* 131 the so-called autonomic functions of 
the body are not so autonomic (in the sense that they are rela- 
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tively independent of the higher functional levels of the central 
nervous system) as had generally been supposed to be the case. 
Finally the transference of the results of physiological studies 
to the clinical field, partly in the more careful anatomical analy¬ 
sis of post-mortem material and partly in the development of 
the operation of leucotomy in the treatment of certain types of 
mental disorder, has now opened up the possibility of investi¬ 
gating with much more certainty the nature of the anatomical 
and physiological mechanisms which underly some of the basic 
elements of mental experience. 

The focus of attention in all these recent developments is 
undoubtedly the hypothalamus, and one of the results of the 
development of neurosurgical treatment of mental disorder 
(sometimes, but most unfortunately, referred to as “psycho¬ 
surgery”) has been an increasing tendency to speculate on the 
exact significance of this small area of gray matter in the base of 
the brain. Now, contrary to views which are sometimes ex¬ 
pressed, speculation is by no means to be eschewed in scientific 
pursuits—indeed it is essential for progress since it is the gener¬ 
ator of ideas, and ideas stimulate enquiry. Darwin gave expres¬ 
sion to this obvious fact in his statement that “without hypo¬ 
thesis there can be no useful observation.” But for profitable 
speculation it is necessary first to assemble all the relevant data 
so far available and to ensure that these data are accurate and 
reliable. And if a speculative theory involves the assumption of 
postulates which appear to be open to ready verification by 
direct observation, it is obviously important to proceed at once 
to verify them. It would be possible to refer to several theories 
of nervous function which have been based on the assumption 
of anatomical “facts” which have later been proved to have no 
foundation of truth. For example, the theory of the dual char¬ 
acter of cutaneous sensation rested on the assumption that there 
are two separate anatomical mechanisms for each sensory modal¬ 
ity in the skin, but direct anatomical study has so far failed to 
show that this is really the case. 

What is the basic anatomical evidence bearing on the signi¬ 
ficance of the hypothalamus? It is the purpose of this essay to 
indicate the importance of anatomical studies in the investiga- 

io 
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tion of the functions of the nervous system generally, and this 
may conveniently be done by reference to this specific problem. 

Gross anatomical study of the peripheral nervous system can 
provide important and sometimes conclusive information re¬ 
garding function, for here nerve fibres are distributed in well- 
defined fasciculi which can be traced to their destination even 
by the ordinary methods of dissection. In the central nervous 
system, however, such functional inferences are hardly possible 
by such simple methods. It is true that certain tracts of fibres and 
discrete masses of gray matter can be exposed by dissection but, 
apart from displaying their general topography, this technique is 
much too crude to allow of any definite statement on their func¬ 
tional significance (though it may on occasion furnish useful 
clues). Indeed, in some cases the observations of gross anatomy 
may give rise to quite misleading conclusions. For example, by 
dissection part of the optic tract can be followed into the pul- 
vinar, and for many years this part of the thalamus was accepted 
as one of the primary visual centres of the brain. But it is now 
known that optic tract fibres almost certainly only pass through 
it on their way to mesencephalic centres. From time to time, 
again, various association tracts of the cerebral hemisphere have 
been described on the basis of gross dissection, but their existence 
can only be certainly established by experimental methods. In 
the case of the hypothalamus, gross anatomical study shows 
that it is a mass of gray matter, weighing 4-6 grams, situated on 
the base of the brain between the optic chiasma in front and the 
cerebral peduncles behind. It is placed adjacent to a groove on 
the wall of the third ventricle, the hypothalamic sulcus, which 
on general topographical grounds has been regarded as the 
cranial extremity of the embryological sulcus limitans which 
extends throughout the rest of the neural tube. This relation¬ 
ship, indeed, many years ago led to the inference that the hypo¬ 
thalamus is concerned with autonomic functions, since the 
autonomic elements of the brain-stem and the spinal cord show 
their primary development in the immediate proximity of the 
sulcus limitans. The topographical relationship of the hypo¬ 
thalamus to the pituitary body also deserves emphasis. Embryo- 
logical studies show that the neuro-hypophysis is developed as a 

11 
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direct outgrowth from the hypothalamus, and this observation 
suggests a close functional relationship between the two. In 
fact, it is not possible to separate them anatomically even in the 
fully developed brain, for not only do they show a continuity of 
structure but they are most intimately related to each other by 
fibre tracts and vascular connections. Anatomically speaking, 
therefore, the pituitary body and the hypothalamus are to be re¬ 
garded as components of a common neuroglandular mechanism. 

A study of the blood supply of the hypothalamus provides 
some interesting information. The hypothalamus is situated in 
the middle of the circle of Willis, and is vascularised by 
branches derived directly from all the components of this anas¬ 
tomotic ring. Thus it is the most favourably situated part of the 
brain for ensuring the maintenance of an adequate blood supply, 
a fact which suggests its vital importance as a functional unit. 
The detailed anatomical study of the blood supply of any part 
of the central nervous system is clearly a necessary preliminary 
to physiological and clinical studies, partly because of the data 
which it supplies in connection with the “experimental ap¬ 
proach, and partly because of the information which it pro¬ 
vides in connection with vascular disturbances of a pathological 
character. In this connection it is particularly important to ascer¬ 
tain how far small arterial branches which penetrate the brain 
substance may extend beyond their immediate destination to 
more distant areas. There is little doubt that this possibility is 
not always given due regard in experimental studies. A small 
lesion placed in the hypothalamus, for example, may by the 
inevitable interruption of the blood vessels entering the brain in 
this region lead to ischaemia and necrosis of nervous elements 
further afield. The resulting functional defects may not neces¬ 
sarily, therefore, be entirely due to the direct experimental 
lesion. It is for this reason, among others, that the region of the 
brain in the neighbourhood of experimental lesions should on 
every occasion be systematically examined by serial sections in 
order to define quite certainly exactly what anatomical struc¬ 
tures have been involved. On the other hand, when the vascular 
distribution is sharply limited, it may provide a much more 
refined method of producing a sharply localised destruction of 
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tissue than would be possible by trying to effect a lesion direcdv. 

or example, one of the problems in the experimental investi¬ 
gation of cortical functions has been to destroy localised areas 
of the cortex without interfering with underlying structures 
such as association tracts or elements of the basal ganglia. Now 
generally speaking, the cortical arteries are confined in their dis¬ 
tribution to the cortex itself, and to die immediately subjacent 

eachTon c Tl mat r r Wh ° SC ^ anse from or terminate in 

methods of ensuring a completely localised cortical lesion is 
simply to strip off the pia mater from the area to be studied 
rhe ensuing necrosis is strictly limited to the cortical area and 
the immediately subjacent layer of white matter 

Jdina 7°?! t] !i gCn< j raI importance of anatomical data re- 

of the hypothalamus has certain special features of ks own It 
l7 ^ mentl ° n ^ d L that L the vascular reladonship between 'the 
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material within the lumen dem °nstration of colloid 
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nuclei, and the composite structure of the mammillary body. 
Others are more diffuse and poorly outlined, such as the dorso- 
medial and ventro-medial hypothalamic nuclei. But they are 
found to be remarkably consistent in their general appearance 
and relative size in quite widely different mammalian types. 
This comparative uniformity of nuclear structure in brains 
which often contrast strongly in the degree of development of 
other parts is, of course, a strong argument for the primary im¬ 
portance of hypothalamic mechanisms as basic components of 
cerebral activity. It is perhaps worth while drawing particular 
attention to this general inference. It seems that in the past com¬ 
parative anatomists have had a tendency to dismiss as of little 
significance those primitive elements of the brain which persist 
with but little change throughout the phylogenetic scale of 
vertebrates, assuming perhaps that they become entirely over¬ 
shadowed by the prodigious development of the higher func¬ 
tional levels and are thus to be regarded as hardly more than 
vestiges of little functional account. It has even been seriously 
su gg es ted that in the human brain the great masses of gray 
matter embedded in the cerebral hemispheres, the basal ganglia, 
are more or less functionless relics, the argument being that 
they represent primitive mechanisms of motor co-ordination 
which have become practically entirely superseded by the 
elaboration of more efficient mechanisms in the cerebral cortex. 
But the very fact that certain structural elements of the brain 
are found consistently throughout almost the entire vertebrate 
scale, with but little variation in their relative degree of develop¬ 
ment, may equally well be taken as an indication of their essen¬ 
tial importance in the fundamental activities of the brain as a 
whole. 

The detailed study of the cyto-architecture of any part of the 
brain—that is, the delineation and charting of its constituent cell 
groups or cell laminse—is tedious work; yet it has far more than 
an academic interest. In the case of the hypothalamus, more 
than twenty paired nuclei have been described, and most of 
these can be readily identified in the brains of many different 
vertebrates. Apart from the fact that such cyto-architectural 
surveys provide a necessary preliminary to the tracing of fibre 
*4 
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connections and to the experimental investigation of functional 
localisation, they have a more direct reference to functional 
problems. It seems desirable to draw attention to this with some 
emphasis, for in the clinical literature of the past it is possible 
to detect a certain attitude of scorn (sometimes, it is to be re¬ 
gretted, combined with an evident feeling of irritation) for the 
extent to which the anatomist may go in his cyto-architectural 
parcellations. The anatomist has, in general, proceeded on the 

• « » a structure connotes a differ¬ 

entiation of function, and that functional localisation is in most 
cases reflected in structural localisation. Many instances could 
be adduced in support of this thesis. The differentiation of the 
motor nerve cells in the anterior column of the spinal cord, or 
ot those comprising motor nuclei of the cranial nerves such as 
die oculomotor and facial, is evidently an expression of func¬ 
tional differentiation inasmuch as each group tends to be re¬ 
lated to the innervation of a particular muscle or group of 
muscles. In the lateral geniculate body of man and the higher 
primates, there is a differentiation between the laminar pattern 
in the regions related to central and peripheral vision. The cere- 
ra l cortex comprises a mosaic of different areas, each of which 
is characterised by its distinctive cyto-architectural features, and 
many of these areas have been shown to have specific functional 
implications. When cortical maps charting cyto-architectural 
areas were first published by anatomists they were received with 
some scepticism, particularly since diey seemed to imply a degree 
of functton- 1 localisation which did not accord with curfem 
as of cortical physiology. The reason for this reluctance to 
accept locahsanon of function in the cerebral cortex, however is 
not altogether clear. No doubt it was partly due to the fact that 
clinica material is particularly unfavourable for the study of 

?W 1 A n ‘ A Ut 11 a $ ? r eCms t0 have becn as sumed by somfcritics 
at the degree of functional localisation suggested by the 

anatomists cortical charts was opposed to thediesis that the 

cerebral cortex always “acts as a wTole.” In fact, however Ihere 

IS no real antithesis between functional localisation and func- 
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tional integration—indeed, it is precisely in this respect that the 
cerebral cortex is so outstanding, for it provides a mechanism 
whereby these two aspects of nervous activity can be very effec¬ 
tively combined. Therein the cerebral cortex surpasses any of 
the nervous mechanisms which had preceded it in evolutionary 
development. It is an interesting fact that, during recent years, 
the accumulation of anatomical, physiological and clinical evi¬ 
dence has revealed the functional significance of the anatomists’ 
cortical areas in a remarkable way. For example, a comparison 
of the sensory areas mapped out in lower mammals by electro- 
physiological methods with the cyto-architectural charts of 
anatomists shows how very closely they correspond. It has also 
been established that many of the cortical areas are to be dis¬ 
tinguished not only by their cyto-architecture but also by their 
fibre connections, and it will hardly be denied that differences 
in fibre connections must betoken differentiation of function.* 
Let us now return to the cyto-architecture of the hypothala¬ 
mus. We have already noted that it contains a number of indi¬ 
vidual nuclei; these are to be distinguished by their topographi¬ 
cal segregation and also by the type of cell of which they are 
composed. It may be that some of the minor cell groupings 
which have been described by anatomists are the effect of 
mechanical pressure by adjacent fibre tracts and thus have no 
inherent functional significance. But there can be little doubt 
that the differentiation of the major groupings is to be regarded 
as a structural expression of functional differentiation. Their 
number, extent and appearance are too uniform and consistent, 

• * s f atement °f principle that cyto-architectural differentiation 
is a reflection of functional differentiation requires certain qualifications. 

In some instances, a topographical segregation and grouping of cells 
may be adventitiously produced as the result of displacement by adjacent 
fibre tracts. For example, the pontine nuclei are separated into discrete 
groups by pyramidal tract fasciculi and ponto-cerebellar fibres, and there 
ls . n ° ev ^ ence that the details of this segregation have any functional 
significance. The splitting up of parts of the striatum by the penetration 
of fasciculi from the internal capsule is evidendy the result of similar 
influences. In the cortex, also, the differences in mechanical stresses at 
the summit of convolutions and the bottom of sulci lead to local 

differences in lamination which clearly have no. particular functional 
significance. 

16 
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not only in different individuals of one species but also in species 
of widely different type, to be otherwise explained. It is not to 
be supposed, of course, that each nucleus functions as an inde¬ 
pendent unit, for many of the elements are no doubt interre¬ 
lated by short-axon neurons. But it may be inferred that they 
each have a somewhat specific part to play in the activity of hypo¬ 
thalamic mechanisms as a whole. A great deal has vet to be 
learnt on the matter of functional localisation in the hypothala¬ 
mus, by animal experiment and by the careful and systematic 
study of post-mortem material from clinical cases. But already 
there is good evidence of a functional localisation which appears 
to be directly correlated with the anatomical localisation of cell 
groups. For example, sympathetic motor effects are most readily 
produced by stimulation in the posterior and lateral hypo¬ 
thalamic areas, and the latter show a characteristic cyto-archi- 
tccture in the presence of many large cells scattered in a matrix 
of smaller elements. Or, again, bilateral destruction of the 

supraoptic nuclei may result in the condition of diabetes in¬ 
sipidus. 

In connection with the supra-optic and paraventricular nuclei 
there are certain cytological features of an unusual type which 
deserve further attention here, because they provide another 
example of the assistance which a purely anatomical study may 
provide in the investigation of functional specificity. Compara¬ 
tive anatomical studies make it clear that these two nuclei are 
tused in a single mass in sub-mammalian vertebrates, and in 
mammals they show their community of origin in their common 
cytological characters. Of particular interest is the inference 
drawn from these characters that they have secretory as well as 
purely neural functions, a suggestion based on the demonstra¬ 
tion by special staining methods of the occasional presence of 
droplets of colloid material in the cytoplasm. According to one 
account, this colloid is actually synthesised within the cytoplasm 
in the form of small droplets which later coalesce into arger 
globules, and the latter are extruded into the intercellular 
ground substance and taken up into blood-vessels. In relation to 
this interpretation of the histological picture, both the supra¬ 
optic and the paraventricular nuclei are permeated with an ex- 
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cecdingly rich capillary network, which at least suggests a high 
grade of metabolic activity. It is not yet agreed whether the col¬ 
loid material is a true secretion. In lower vertebrates (in which 
it is much more easily demonstrable histologically than in the 
mammalian brain) its production shows a well-marked seasonal 
rhythm, and it may well have some relation to the secretory 
activity of the pituitary gland. The suggestion that certain nerve 
cells can serve endocrine glandular functions in addition to their 
ordinary neural functions is hardly likely to find general accept¬ 
ance while it rests only on the histological appearance of stained 
sections. On the other hand, there can be little doubt that this 
appearance must have some sort of functional implication. 

If die differentiation of the main nuclei in the hypothalamus 
is an expression of functional differentiation, this must presum¬ 
ably be reflected also in their fibre connections. For the type of 
activity engendered in a group of nerve cells, and the type cf 
activity which these in turn can evoke elsewhere, are ultimately 
dependent on the source of their afferent stimuli and the destina¬ 
tion of their efferent impulses. The importance of the anatomi¬ 
cal study of fibre connections for the elucidation of function in 
the central nervous system has often been demonstrated. Perhaps 
one of the best examples is to be found in the thalamus, for the 
details of the functional organisation of this structure were not 
even suspected until they had been indicated by studies of fibre 
connections. It was these studies which showed, for example, 
that the sensory tracts of the brain stem terminate in the pos¬ 
terior ventral nucleus with a very precise topographical localisa¬ 
tion, that the intermediate ventral nucleus receives impulses 
from the cerebellum and relays them to the motor cortex, that 
the medial nucleus projects on to the frontal areas of cortex 
(probably relaying thither impulses from the hypothalamus), 
that the pulvinar is connected with the occipital cortex surround¬ 
ing the visual area, that the anterior nucleus serves to relay 
impulses from the mamillary body to the area cingularis of the 
cortex, and so forth. 

In the case of the hypothalamus, apart from a few well-estab¬ 
lished pathways, but little is known for certainty about its fibre 

connections. As a matter of fact, it is by no means easy to deter- 
18 
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mine any fibre connections in die brain with certainty, and it is 
well to stress this point because too often in current text-books 
such connections are described with a confidence which is not 
really justified. Such descriptions may rest entirely on the exam¬ 
ination of sections of normal material stained to demonstrate 
myelinated or non-myelinated fibres. But practically never can 
an individual fibre be followed throughout its course in such 
material. Fibres may be seen entering a tract and losing them¬ 
selves there among other fibres, and no certain statement can be 
made about their ultimate destination. Or fibres may be seen 
leaving a tract to terminate in a group of cells, but no certain 
statement can be made about their source. The fact is that such 
a thing as a ‘‘pure” fibre tract probably occurs only very rarely 
(if, indeed, at all) in the central nervous system—they are all 
composite tracts containing fibres of diverse origin and diverse 
destination. Even the optic tract is composed of several types of 
fibres besides those which arise in the retina, and it must not be 
assumed, therefore, that individual fibres seen leaving the optic 
tract in a Weigert section are retinal fibres or have anything to do 
with vision (though assumptions of this sort are by no means un¬ 
common even in the current literature of neurological anatomy). 
In order to determine fibre connections in the central nervous 
system with certainty, experimental methods must be used. The 
Marchi technique is perhaps the most time-honoured of these 
methods, but it is fraught with so many difficulties, and can so 
easily give rise to misinterpretation, that conclusions based on it 
alone should be accepted with the greatest caution. More refined 
methods are now available for these studies—particularly those 
depending on the early changes which occur in axon terminals 
after interruption of fibre paths. By the use of specialised silver 
techniques and (more recently) by the application of intra-vital 
methylene blue staining, it is possible to demonstrate these 
changes with extreme precision, and thus to locate accurately the 
termination of fibre tracts passing to any particular region of the 
brain. Only when such methods have been applied systemati¬ 
cally to the study of the hypothalamus shall we be able to speak 
with confidence about the fibre connections of its various ele¬ 
ments. But let us consider the possible implications of some of 

7 9 
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those fibre connections which have actually been established 
with reasonable certainty. 

The efferent fibre connections of the hypothalamus so far 
known can be quite briefly enumerated. A motor pathway 
certainly extends from the posterior and lateral hypothala¬ 
mic nuclei down into the brain-stem. It is termed the 
periventricular system of fibres, and it doubtless mediates 
some of the autonomic motor effects which can be induced 
by hypothalamic stimulation. It is interesting to note that these 
fibres develop extremely early in the human embryo (in the 
fourth week), which is perhaps indicative both of their primi¬ 
tive character and of their basic functional importance. The 
anterior part of the periventricular system extends from the 
hypothalamus up to the medial nucleus of the thalamus, 
though the details of these hypothalamo-thalamic connections 
have yet to be established. But they appear to be of great im¬ 
portance, for it is now known that the medial thalamic nucleus 
projects on to the granular cortex of the frontal lobe. Thus the 
anatomical evidence suggests that the medial nucleus is a simple 
relay mechanism through which the products of hypothalamic 
activity find representation in the frontal cortex. The possible 
relationship of this to the operation of leucotomy is too well 
known to need further emphasis here. Another, but much more 
conspicuous, hypothalamo-thalamic connection is contained in 
the mamillo-thalamic tract, or bundle of Vicq d’Azyr, but this 
may more conveniently be considered in connection with the 
afferent connections of the hypothalamus. 

If the hypothalamus contains centres concerned with the regu¬ 
lation of visceral activities, it might be supposed to be largely 
under the influence of afferent impulses from visceral structures. 
But the evidence here is still very vague. In lower vertebrates 
(e.g., fishes) ascending visceral tracts certainly terminate in the 
hypothalamus, and it seems probable that these also exist in the % 
mammalian brain. But if they are present they are too diffuse 
and ill-defined to be certainly detected by ordinary methods. The 
fine fibres which in sections of normal material may be seen 
descending medially into the hypothalamus from the region of 

the subthalamus may have such an origin, but there now seems 
20 
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little doubt that many of these are derived from the globus 
pallidus (forming what are called the pallido-hypothalamic 
tracts). Thus we may infer that hypothalamic activities are at 
least to some degree modified and controlled by the activities of 
the corpus striatum. It has also been firmly established by experi¬ 
mental methods that fibres originating in certain of the cortical 
areas of the frontal lobes pass without interruption to certain of 
the hypothalamic nuclei, from which it can be inferred that the 
latter are under direct cortical influence. The nature of this influ¬ 
ence can at present only be conjectured, but it quite obviously 
may have an important relation to the fact that autonomic dis¬ 
turbances can be evoked by cortical stimulation in the frontal 
lobes. There is an afferent tract to the hypothalamus which 
stands out beyond all others in its compactness and the ease with 
which it can be demonstrated. This is the fornix—a band of 
medullated fibres which is so peculiarly well-defined that it can 
even be traced throughout its course by gross dissection. So far as 
is known, the fibres of the fornix have their origin mainly in 
the hippocampus and terminate in the mamillary body, and, so 
far as is known, all the pyramidal cells of the hippocampus con¬ 
tribute to the system. Thus, whatever the functional significance 
of the activities of the hippocampus may be, it can be inferred 
from purely anatomical data that the products of these activities 
are immediately conveyed to the pars mamillaris of the hypo¬ 
thalamus, and whatever the functional significance of the activi¬ 
ties of the mamillary body may be, these are almost entirely 
dominated by the hippocampus. It appears certain, therefore, 
that the key to the physiology of the mamillary body lies in the 
hippocampus. But the mamillary body is little more than a relay 
station for impulses originating in the hippocampus, for these 
impulses are at once conveyed by the mamillo-thalamic tract to 
the anterior nucleus of the thalamus, and thence by a further 
relay to the cortex of the cingular gyrus on the medial surface 
of the cerebral hemisphere. What is the meaning of this curious 
round-about circuit? Again we are brought back to a considera¬ 
tion of the meaning of the hippocampus, and it must be con¬ 
fessed that as yet nothing is known of the functions of this 
mysterious strip of invaginated cortex. For many years it has 
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been regarded as a primitive olfactory mechanism—an essential 
component of what comparative anatomists have called the 
rhinencephalon, and here it must be confessed that the 
anatomists, by relying on uncritical methods of study, have 
seriously led their neurological colleagues astray. For in fact 
there is no good evidence that the hippocampus is primarily and 
solely an olfactory mechanism—on the contrary, there is good 
evidence that this is certainly not the case. The hippocampus re¬ 
ceives afferent fibres from the neighbouring cortex of the tem¬ 
poral lobe through which it is perhaps activated by impulses re¬ 
layed from other cortical areas, and the latter doubtless include 
the olfactory cortex of the piriform area. It may thus be in part 
influenced by indirect olfactory impulses, but only in part. In 
the higher mammals in which the olfactory centres of the brain 
undergo a marked reduction, the hippocampus remains large 
and conspicuous, and the anatomical evidence so far available 
indicates that its afferent connections now come almost entirely 
from the non-olfactory cortex of the temporal lobe. Since the 
temporal lobe has been shown to be the recipient of a number of 
long association tracts from other regions of the cerebral hemi¬ 
sphere, it is difficult to avoid the tentative suggestion that, by its 
afferent connections, the hippocampus is directly influenced by 
the resultants of cortical activity as a whole. 

The hippocampus itself shows no marked differentiation of 
structure—it is of relatively simple composition with closely 
packed batteries of pyramidal cells forming a uniform lamina 
throughout its extent. It seems to be constructed not for analyt¬ 
ical effects, but for mass action, for the axons of all the pyramidal 
cells are collected together into the compact bundle of the fornix 
and thus conveyed immediately to the mamillary body. Now 
the mamillary body has not been certainly identified in sub¬ 
mammalian vertebrates—in these more primitive types the 
fornix can be traced no farther than the anterior hypothalamic 
area. But in mammals a mamillary body develops, and its pur¬ 
pose (it would seem) is to side-track the hippocampal impulses 
away from the primitive autonomic mechanisms of the hypo¬ 
thalamus and to relay them through the thalamus to the cortex 

once more. Herein lies a puzzle of a most intriguing kind. Plenty 
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of examples can be adduced in mammals of the corticalisation 
of functions which in lower forms are mediated by sub-cortical 
levels of the brain. But here we have a case in which a subcor¬ 
tical mechanism already acted upon by the cortex is again cor- 
ticalised—a mechanism for re -corticalisation ! It seems to provide 
a pathway whereby cerebral functions can be prolonged and 
maintained at a cortical level, instead of being immediately dis¬ 
sipated in the primitive reactions mediated by hypothalamic 
mechanisms. Can this possibly provide the basis for the develop¬ 
ment of the more intelligent type of behaviour involving more 
continuous cortical processes and characterised by rational de¬ 
liberation, rather than the instinctive type of behaviour in which 
the first results of cortical activity are immediately expended in 
impulsive actions of a purely emotional character? Unfor¬ 
tunately the results of experimental interruption of the fornix 
system have so far proved negative to investigation by ordinary 
methods. Yet, for the anatomist, it is difficult to conceive that 
such a well-defined system as that made up of the hippocampus, 
fornix and mamillary body is not correlated with an equally 
well-defined function—though it may be a function of the mind 
too subtle for detection by the crude methods of behavioural 
study now available. 

Finally, in the consideration of the anatomy of fibre connec¬ 
tions and the relation of the latter to function, there is one aspect 
which seems to demand special attention. It is not sufficient to 
know that there is a fibre connection leading from one functional 
element to another in the central nervous system; it is of the 
greatest importance to determine the pattern of such a connec¬ 
tion. It has become abundantly clear in recent years that sensory 
discrimination depends largely on the pattern of stimulation of 
receptor mechanisms, while complex and co-ordinated muscular 
reactions are the result of patterns of stimulation of effector 
mechanisms. But, to permit of the transfer of such patterns of 
stimulation from one part to another of the nervous system, these 
patterns must obviously be in some way reflected in the fibre 
connections. And here we refer not only to spatial patterns of 
stimulation but also to temporal patterns. As an example refer¬ 
ence may be made to the visual system. For years anatomists 
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ha\e been content with the bald statement that there is an 
afferent fibre connection from the retina to the nucleus of the 
ateral geniculate body. But this only tells us that impulses from 
the retina as a whole are transmitted to the geniculate nucleus 
as a whole. It tells nothing of the mechanisms underlying the 
perception of spatial orientation in the visual field, the dis¬ 
crimination of colour and so forth. Only in comparatively recent 
years has it become evident that such visual functions must have 
their basis in structural patterns, that, for example, each locus in 
the retina is projected on to a circumscribed locus in the genicu¬ 
late nucleus, and that there must be some sort of segregation of 
retina )res into separate groups (possibly corresponding to 
those terminating in separate cell layers). It is important to dis¬ 
cern where these different groups of fibres arise in the retina— 
w ether, for example, they have their origin in different types 
of ganglion cells. It is important to know, also, whether different 
types of fibres constituting the optic nerve and tract have a range 
of axon diameters, indicating different conduction velocities, 
which might provide the basis for a temporal pattern in the 
activities of the visual centres; and, if this is so, are the axons of 
different sizes disposed in any particular pattern? Only now is 
this sort of information becoming available, so that we are begin- 
nmg to earn, for example, which fibres end in each cell lamina, 
wit i low many cells each fibre makes synaptic contact, how 
irmci overlap there is between the terminal arborisations of 
each fibre, from which elements in the retina each type of fibre 
arises, and so forth. As data of this sort are accumulated, there 
can be little doubt that our knowledge of the mechanism of 
visual discrimination will become correspondingly more com¬ 
plete. This comment may be equally well applied to other con¬ 
ducting paths in the central nervous system, the simple existence 
of which may be known but not the details of their composition, 
their pattern of origin, or their pattern of termination.' Herein 
lies a formidable task for the anatomist interested in problems of 
neuropsychiatry, but a task which can certainly be undertaken 
by employing the refined experimental methods now available 
tor the study of terminal degeneration, and which will surely be 
well justified by the results to which it is likely to lead. 


ANATOMICAL LESSONS FROM PRE¬ 
FRONTAL LEUCOTOMY 


By ALFRED MEYER, 

M.D. 

(Professor of Neuropathology, University of London, Institute of Psychiatry, 

the Maudslcy Hospital) 


HE therapeutic aspect of prefrontal leucotomy will figure 
less in these pages than its use as an instrument of research 
into frontal lobe function in particular and the localisa¬ 
tion of mental function in general. That the frontal lobes have 
something to do with mental activities has been noted for a long 
time. The earlier concepts were naturally in the nature of specu¬ 
lations or impressions rather than scientific observations. In the 
ancient days, when under the influence of Galen and Aristotle 
the mind was thought to be floating within the ventricles of the 
brain, fantasy was related to the anterior ventricle, imagina¬ 
tion to the third and memory to the posterior. The choroid 
plexus by its postulated contractions was thought to manoeuvre 
the soul into the respective chambers in order to cause the 
appropriate psychological phenomena. This view had its sway 
throughout ancient and medieval times. We find it propounded 
in the Anatomia of Mundinus published in the middle of the 
sixteenth century. One marvels both at the crudity of these 
speculations and the almost prophetic anticipation of recent 
theory. Subsequently there have been expressed various other 
more or less speculative views on the frontal lobes. Observations 
based upon scientific facts did not commence, however, before 
the second half of the nineteenth century. These observations 
were made on experimental animals, and in cases of tumours, 
head injuries and certain other conditions, such as Pick’s lobar 
atrophy, a presenile disease. It is impossible to give even a sum¬ 
mary account of the history of these investigations, which those 
interested in detail will find well recorded in the important 
monographs published by Rylander 24 and Freeman and Watts . 5 
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As a result of these researches a few fundamental facts have 
emerged. On electrical stimulation the anterior part of the 
frontal lobes, the so-called prefontal region, has proved to be 
unexcitable. Removal or disease of the prefontal areas is not fol¬ 
lowed by gross neurological signs; this has given rise to the con¬ 
cept of the prefrontal area as one of the silent regions or associa¬ 
tion areas of the brain. 7 he most interesting finding and the one 
of particular concern to the psychiatrist is the personality change 
also known as the frontal lobe deficit syndrome. It is observed 
only after bilateral damage to the frontal lobe. The first descrip¬ 
tion was made by Welt in 1887; her observations have been con¬ 
firmed by a large number of prominent workers in all countries. 
There is fairly general consensus of opinion that a bilateral 
frontal, and particularly orbital, lesion causes flattening of emo¬ 
tional depth and general loss of higher emotional sublimations in 
the social, artistic and ethical spheres, associated with hyper¬ 
activity or apathy, euphoria or depression. The famous Witzel- 
sucht, a tendency to stereotyped fatuous jokes, first described by 

Oppenheim in 1889, a ctua ly a combination of several of these 
signs of deterioration. 

A similar personality change has been described in experi¬ 
mental animals, particularly chimpanzees. Fulton 7 has recently 
given a vivid account of how the personality change which 
Jacobson produced in the chimpanzees “Becky” and “Lucy” by 
bilateral prefrontal lobectomy was indirectly responsible for the 
introduction of prefrontal leucotomy when the results were 
communicated to the International Neurological Congress in 
London in 1935, in the presence of Egas Moniz. 

There have been various theories about this personality 
change. Older investigators, naturally, conceived of mental func¬ 
tion as self-contained faculties which might be localised in 
various parts of the brain. The best known example of detailed 
localisation in the frontal lobe is that of Kleist, 10 ’ 11 who as- 
scribed a special function to almost every cytoarchitectonic Brod- 
mann area: initiative to area 9; motor skill to area 10; con¬ 
structive thought to area 46; sentiment to area 47; personality 
and social ego to area 11 of the frontal region. Although few 

modern workers still accept Kleist’s localisation as a whole, his 
26 
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influence still persists as recent contributions to the problem by 
Freeman and Watts’’ and Dax and Radley Smith 1 demonstrate. 
On the other hand, there have been attempts at finding a 
common denominator for the mental changes after bilateral 
damage to the frontal association area, but so far none has 
proved entirely satisfactory. Goldstein speaks of categorical be¬ 
haviour; Brickner of synthesis; Freeman and Watts of the con- 

m J J 

sciousness of the self and its projection into the future which 
enables imagination, foresight, insight, curiosity, prolonged 
attention and all the refinements of the ego in the social, artistic 
and ethical spheres to be developed, but also underlies the 
psychopathological phenomena of tension, worry, anxiety and 
obsession. Golla 8 lays special emphasis on the importance of the 
frontal lobe for the development of social and ethical attitudes. 
Stanley Cobb, 2 however, criticises most of these theories as an 
attempt at psychologising neurology. According to him the 
frontal lobe is not concerned with any specific human activities, 
but serves merely as a reservoir of pathways interpolated between 
the principal reflex arcs, thus allowing for delaying action and 
“long circuiting,” which is the prerequisite of higher integra¬ 
tion. Cobb’s theory fails, however, to do full justice to the charac¬ 
teristic difference which distinguishes frontal lobe function from 
that of other “reservoirs,” which no doubt exist in other parts 
of the brain— e.g ., in the temporal and parietal lobes. The pre¬ 
frontal region does not seem to be much concerned with the 
intellectual side of behaviour. All the tools of intelligence such 
as speech, cognition, learned action and other symbolic function 
have their nodal centres elsewhere in the brain, particularly in 
the temporo-parieto-occipital region of the dominant hemi¬ 
sphere. However, even in the intellectual sphere the driving 
force whose action seems to be mediated by and elaborated in 
the frontal lobe is necessary not only for individual colouring 
and refinement but also for important general attitudes such as 
prolonged attention, perseverance, foresight, learning and curi¬ 
osity, all of which contain a strong emotional element. This 
moulding influence coming from the frontal lobe is of the 
greatest importance during maturation and adolescence as 
recently suggested by Hebb 9 and Russell, 23 which may explain 
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why injury to the frontal lobes has such a particularly severe 
effect in childhood and adolescence. 

From the foregoing it might appear that the essential prob¬ 
lems of frontal lobe function have already been solved. That 
this is far from being the case has recently been pointed out by 
Hebb, who has submitted the evidence for the existence of a 
frontal lobe deficit syndrome to severe criticism. In the condi¬ 
tions which usually give rise to this syndrome— -i.e.y in tumours, 
head injuries and progressive atrophies—it can seldom be ex¬ 
cluded that either the lesions themselves extended beyond the 
frontal association areas or that the irritative effect over wide dis¬ 
tances gave rise to the behavioural changes. Hebb extended this 
criticism also to leucotomy, but he overlooked the considerable 
advantages which such a large-scale operation on the human 
frontal lobe has over the more sporadic previous clinico-patho- 
logical observations, provided that clinical, physiological and 
psychological investigations before and after the operation are 
adequate and that precise information about the extent of the 
lesion is available. The latter is difficult to obtain as the blind 
operation of leucotomy does not allow of precise location of the 
cut either in the antero-posterior or the transversal plane. The 
introduction of certain modifications such as orientation by the 
position of the anterior horn or by the course of the Sylvian 
fissure (Dax and Radley Smith) or by contrast radiography may 
have reduced the uncertainty but has not yet overcome it. There¬ 
fore the scientific evaluation of the clinical investigations will not 
be complete until post-mortem studies of the brains have been 
carried out. This imposes the obligation on all authorities con¬ 
cerned to ensure that in case of death the brains of patients who 
have undergone leucotomy should whenever it is possible be 
sent to laboratories equipped for this type of investigation. 

With the introduction, particularly in America, of circum¬ 
scribed ablation known under the names of topectomy, gyrec¬ 
tomy, etc., in which the frontal area is widely exposed and the 
extent of the surgical lesion may be approximately estimated, 
post-mortem studies will no longer be as vital as previously, 
although they should not be neglected. 

In the department of the present writer a correlation of clini- 
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cal and anatomical findings in the brains of leucotomised 
patients has been carried out for some years. Over ioo brains 
have been collected, and although the histological investigations 
have not been completed in more than about one-third of these 
cases certain facts have already been established and have been 
published or are in process of publication jointly with T. 
McLardy, E. Beck and M. Meyer. 12 ' 20 It has been possible to 
prove that a frontal lobe deficit syndrome may definitely occur if 
the lesions are entirely confined to the prefrontal region, and 
that it may persist after the wound has become quiescent and 
unlikely to exercise an irritating effect over adjacent or remote 
parts of the brain. This should effectively meet Hebb's criticism 
mentioned above. It is true that after cuts in levels posterior to 
the prefrontal region the personality change is usually severer 
than after purely prefronta cuts, but there is evidence for believ- 

d this is not due to the involvement of other cortical or 
subcortical centres, but to the cutting of the projection tract from 
the thalamus to the frontal association area, the severance of 
which would be expected to produce an effect comparable with 
the cutting of the same fibres within the prefrontal white matter. 
Apart from the severe personality change posterior cuts are char¬ 
acterised by a number of other undesirable features such as short 
survival, restlessness, nutritional deficiencies, vasomotor and 
trophic disturbances, vesical incontinence and occasionally 
respiratory failure, hyperpyrexia, and so forth. This is easily 
understood if one realises that posterior cuts involve among 
other structures Brodmann’s area 6 (premotor), corpus striatum 
and the posterior orbital region containing the important field 
13 of Walker, most of which are known to contain strong foci 
of autonomic control. We shall have to return to this important 
point later. 

The variety of cuts among the individual cases of our material 
permits of correlation studies between degree and type of person¬ 
ality change and the position and extent of the prefrontal lesion. 
The most striking result of this analysis is that the degree of per¬ 
sonality change appears to correspond to the amount of pre¬ 
frontal cortex isolated. There is some preponderance in import¬ 
ance of the orbital over the dorsal aspect, but what tendency 
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there is to a specific localisation is overshadowed by a quantita¬ 
tive relationship. It is interesting to find that both the anterior 
cingular region (including the fasciculus cinguli) and the pos¬ 
terior orbital cortex are not appreciably involved in the causation 
of personality change. Nor is there in our material any positive 
correlation of personality change with the cutting of the un¬ 
cinate fasciculus, which connects the orbital region with the tem¬ 
poral lobe. 

1 he result of this analysis does not lend any support to the 
more atomistic theories of localisation, such as that of Kleist, 
even in their mitigated modern forms. We have been unable to 
find any exclusive correlation of the characteristic fatuous 
euphoria (the Witzelsucht of Oppenheim) with the orbital 
cortex or of lack of initiative with the dorsal aspect of the frontal 
association area. Several of our cases with the euphoric type of 
personality change had bilateral ventral damage, but others with 
typical fatuous euphoria had cuts which excluded these regions. 
Conversely, although several cases with the apathetic (akinetic) 
type of personality change had bilateral dorsal cuts many others 
with such a personality change had no involvement of the dorsal 
segments. 

A quantitative principle seems to apply also to the anatomical 
correlates of improvement. This is not surprising as recent clini¬ 
cal investigations (Frankl and Mayer-Gross 1 ) have shown that 
the production of personality change is one, although not neces¬ 
sarily the only, prerequisite of improvement. In our material no 
tendency of any specific localisation was discernible except that 
again the orbital aspect figures perhaps more prominently than 
the dorsal aspect of the prefrontal region. We failed to discover 
any appreciable correlation with improvement of bilateral in¬ 
volvement of the anterior cingular region, the posterior orbital 
area, or the fasciculus uncinatus. Thus it appears as if from the 
anatomical point of view improvement depends on the isolation 
of an amount of prefrontal cortex adequate to counteract the 
psychotic symptoms rather than on the removal of a specific 
area. This amount will be variable; it will be less in early and 
prognostically favourable cases. A quantitative principle would, 
therefore, be in accord with recent American publications in 
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w hich in early cases favourable results have been obtained by 
resection or undercutting of rostral parts of the frontal areas or 
by a rostral leucotomy via the transorbital route. 

The inadequacy of too atomistic and too static a concept of 
localisation of mental function in the frontal lobes has been 
forcibly demonstrated by recent observations made by McLardy 
and Davies 1 J in anatomically investigated cases of relapse after 
successful leucotomy. In several cases of relapse into psychotic 
phases of identical symptomatology after a period of more or less 
full recovery up to three years they found anatomically that the 
cut had been bilaterally in an almost optimal plane and of almost 
optimal completeness. \ hese observations, puzzling though they 
are at first sight, do not necessarily invalidate Freeman and 
Watt’s" pronouncement that without frontal lobes there would 
not be functional psychosis. As electroencephalographic and his¬ 
tological evidence shows, the cortex in front of the surgical cut 
appears to resume fairly normal function after the period of 
active repair has passed. It is possible that although most of the 
projection fibres from the dorsomedial nucleus are interrupted 
and the corresponding cell groups of this nucleus degenerated, 
impulses may reach posterior parts of the prefrontal cortex 
behind the cut from the posterior portion of the dorsomedial 
nucleus and then be transmitted to the rest of the prefrontal area 
via short subcortical and cortical pathways. It is even conceiv¬ 
able, although this requires a rather bold concept of "plasticity,” 
that impulses from the deep centres may reach the still function- 
ing prefrontal cortex via the ventral nuclei projecting to the 
agranular frontal cortex. If this be the explanation, total or even 
partial resection of the prefrontal cortex itself should preclude 
relapse. Such operations are now widely practised in the U.S.A., 
and have also been started in this country, and the results as 
regards relapse will be of considerable theoretical interest not 
only to the rationale of the operation, but also to fundamental 
conceptions concerning the mechanism of functional psychosis. 

Considerations of the rationale of the operation have greatly 
revived interest in the anatomy and physiology of the frontal lobe 
and its connections with other parts of the brain. Not only does 
the anatomical material accruing from the operation furnish 
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welcome confirmation in the human brain of knowledge largely 
derived from animal experiments, but further experimental 
work has been stimulated which in the hands of Fulton, McCul¬ 
loch, Mettler and many others is yielding important new results. 

As a result of these new investigations our knowledge of the 
anatomical pathways to and from the frontal regions has been 
already increased and has become more accurate. These path¬ 
ways connect the frontal lobe with the temporal lobe, the 
thalamus, the hypothalamus and indirectly through the last- 
mentioned centres with the cingular and hippocampal regions. 
All these centres combine to form what Papez 22 has ca led a 
well interconnected and harmonious mechanism which may 
elaborate the functions of central emotion as well as participate 
in emotional expression.” It is well to keep in mind, however, 
that this is a heuristic concept only which at the present juncture 
does not lend itself to any dogmatic speculation. It emphasises 
that frontal lobe function cannot be considered in isolation. 

One result of these investigations is the demonstration of great 
preponderance in strengdi of the afferent over the efferent fibre 
systems of the prefrontal region, particularly its thalamic connec¬ 
tions. This may well prove to contain an important clue to the 
mechanism of frontal lobe function. 

In view of the frequent occurrence of autonomic disturbances 
after leucotomy particular attention is being paid to the connec¬ 
tions with the hypothalamus. Le Gros Clark 1 has gone so far as 
to regard the frontal lobe as the projection area of the hypo¬ 
thalamus. There is, in animals, electrophysiological support for 
this claim in so far as stimulation of the hypothalamus results in 
cortical (not only frontal) discharges and vice versa (Murphy 
and Gellhorn -1 ), but no direct anatomical pathways have been 
so far established. An indirect afferent pathway exists by relay 
through the magnocellular portion of the dorsomedial nucleus 
to the orbital region. The posterior (agranular) part of the orbital 
region has been shown to be an important centre of autonomic 
function. Stimulation of the posterior orbital region and par¬ 
ticularly of area 13 results in severe effects upon respiration, 
blood pressure, gastrointestinal function and urinary secretion; 
its bilateral ablation in monkeys is followed by severe resdess- 
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ness. So far no afferent or efferent anatomical pathways have 
been definitely demonstrated for area 13, but there is electro- 
physiological evidence that stimulation of the orbital cortex 
‘'fires'’ the anterior hypothalamic area (Ward and McCul¬ 
loch 25 ). 

The posterior orbital region is not the only cortical focus of 
autonomic function. Another such focus is situated in the 
anterior cingular region (area 24), whose compact afferent con¬ 
nections with the hypothalamus by relay through the anterior 
thalamic nucleus arc well established in contrast to its efferent 
connections, which are not yet fully known. There is a third 
focus of autonomic control in area 6 (premotor cortex) and pos¬ 
sibly in the adjacent part of area 8. Area 6 may possibly receive 
hypothalamic impulses via the anterior ventral nucleus of the 
thalamus, and it has been shown recently by M. Meyer' 11 to send 
a direct pathway down to the mamillary bodies of the hypo¬ 
thalamus. Such a pathway has, in fact, been demonstrated by 
oscillographic methods (Ward and McCulloch). Its anatomical 
confirmation greatly strengthens confidence in the accuracy of 
physiological neuronography. 

There is, thus, a belt of agranular cortex interpolated between 
the prefrontal cortex and those regions of the brain mainly con¬ 
cerned with motor function. Although the intimate relationship 
between emotion and emotional expression and the autonomic 
system is well known, it is something of a revelation to discover 
that the part of the brain concerned with this sphere of the per¬ 
sonality should have developed from or at least close by this 
agranular cortex containing control centres of autonomic func¬ 
tion. This may open up interesting “perspectives” for our under¬ 
standing of some of the effects of leucotomy as well as of the 
physiology and physiopathology of emotion. However, at the 
present juncture they are merely “perspectives” with enormous 
gaps of anatomical and physiological factual data still to be 
filled. Unless this is clearly realised future generations will smile 
at our modern cerebral mythologies as we now smile at the old 
concepts of the seat of the mind to which attention was drawn at 
the outset of this article. 
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OF BEHAVIOUR 
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"As long as a life phenomenon has not yet found a physico-chetnical 
explanation it usually appears inexplicable. If the veil is once lifted we 
are always surprised that we did not guess from the first what was 

behind it.” 

Jacques Loeb. 

R ECENT developments in neurophysiology are having a 
profound influence on psychology, philosophy and 
-sociology. It is probable that they will be shown to have as 
great a significance for neuropsychiatry. 

Essentially the expansion in neurophysiology has come with 
the recognition that the nervous system is not a passive system 
but a continuously active one, one which is never at rest, never 
passive even in the sense of being solely concerned with the 
maintenance of its own metabolism. The older theories which 
pictured the nervous system as a series of conducting lines 
whereby impulses travel unidirectionally from the receptors 
through a varying number of interneurones in the cord or brain 
to the effectors, were oversimplifications which have not proved 
adequate for the observed facts. 

The new concepts which have entered the field include that 
of feed-back mechanisms in the central nervous system, by 
which is meant activity in closed circuits such that some of the 
output returns as input and influences the subsequent activity 
in that circuit. It is the error (the degree of failure) which deter¬ 
mines the return input until the error becomes zero. The other 
closely related concept is that of chains of neurones in the cen¬ 
tral nervous system, which are dedicated neither to the carrying 
of specific afferent messages nor to any specific effector system, 
but which are the structure for a circulating process which func- 
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tions as a scanning mechanism. This idea of scansion, intro¬ 
duced into physiology independently by Craik 1 and by McCul- 
loch, * is analogous to the time-sweep in television; it has a 
definite period : the time taken for an impulse to circulate 
through the entire loop. Its periodicity will thus be determined 
partially by the conduction rate in the neurones, but mostly by 
the number of synaptic delays in the circuit. 

The subject of closed-cycle control systems or servo-mechan¬ 
isms is new only in physiology; in other sciences such as 
engineering and electronics it has been elaborately studied and 
applied -in fact, Clerk Maxwell 1 gives us the first classical 
example in the governor of the steam engine, and in magazines 
of popular science one reads descriptions of the target-finding 
gun. Craik * broke the ground for physiologists in his studies 
of the human operator in control systems, but recently the 
mathematicians Wiener and Pitts, and the physiologists Rosen- 
blueth and McCulloch, have combined to give us a well-devel¬ 
oped application of its principles to physiology; 2 * 7 indications of 
its interest to psychologists have been given at a symposium at 
the 1948 meeting of the American Psychological Association en¬ 
titled “Human beings as servo-mechanisms.” 8 

What is the evidence for these statements? For example, what 
evidence have we that the nervous system is not simply a passive 
network which comes to rest when unstimulatcd ? 

There are many data from animal experiments indicative of 
continuous interactivity of various cell groups keeping a fine 
balance between excitation and suppression of activity, between 
release and restraint. Such data are found, for example, in 
studies of animal locomotion; there is Young’s work with cuttle¬ 
fish, 9 where removal of the higher centres releases a wild con¬ 
tinuous swimming motion, unceasing until death. Gray and 
Sand also produced this restless fatal swimming in spinal dog¬ 
fish. Flynn 11 has found a remarkable increase throughout the 
day in the activity of cats after hemidecortication and an even 
greater one after bilateral decortication. And Bailey 12 has shown 
that cauterising the interpeduncular nucleus develops in these 
animals an obstinate progressive movement in which they walk 
continuously forward until they die. If they meet an obstacle 
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such as the wall of the cage they press ceaselessly forward until 
all the hair is rubbed off and the scalp macerated. In monkeys 1 ' 1 
constant hyperactivity follows removal of area 13, and in man 
the remarkable restlessness sometimes observed after prefrontal 
lobotomy may well be due, as Russell 14 suggests, to damage of a 
suppressor band lying in the frontal lobe. All these lesions would 
appear to have removed the usual restraint, to have upset the 
ba ance between excitation and inhibition. The opposite picture, 
a removal of excitation and release of inhibition, is shown in the 
sleep-inducing effects of many experimentally produced (and 
morbid) lesions of the midbrain. Mauthner, 1 ’ von Economo, 10 
Ranson 1 ' and others have described these conditions. 

These few examples, taken from many, are evidence of a 
balance of nervous activity going on in the central nervous 
system often independently of the external events signalled by 
the receptors. But what is the evidence for reverberating circuits 
situated entirely in the nervous system, as well as those which 
go out and back through the outside world, as, for example, do 
the homeostatic reflexes? 

The theory of reverberating circuits is not new to physiology. 
It is really an elaboration of Forbes’ theory of delay-paths 18 
originally advanced to explain after-discharge; in 1929 Forbes 1 ' 3 
stated that “the most prolonged after-discharge of the crossed 
extension reflex would require a sort of central reverberation.” 
Following this, Lorente de No 20 - 21 developed his theory of 
closed “self-re-exciting chains” according to which when a given 
cell discharges the impulses go toward the effector system 
through multiple efferent paths, but also travel through fibres 
which loop back and re-excite the first cell. This cyclical process 
continues until some cell in the loop fails to discharge. Ranson 
and Hinsey 22 in 1930 independently suggested reverberating 
neurone circuits to account for flexor after-discharge in the hind- 
limb reflexes in cats. 

Histological evidence for such loops is plentiful. Ramon y 
CajaPdemonstrated many such recurrent paths in the human 
cerebellar cortex and also in the cerebral cortex and olfactory 
bulb. Lorente de No 20 has worked them out in detail for the 
vestibulo-ocular reflex in rabbits, and Pitts and McCulloch 2 have 
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published studies of the nervous nets involved in eye movements 
in mammals. And there are many examples of self re-exciting 
neuronal loops in other phyla, as, for example, the cyclical path¬ 
ways demonstrated in the cuttlefish by Young, 9 section of which 
disturbs the capacity for “learning.” 

The concept of feed-back mechanisms as applied to the 
nervous system has recently been brought into prominence by 
Wiener, 21 a prepublication copy of whose book, entitled Cyber - 
netics, or Control and Communication in the Animal and in the 
Machine , I have been privileged to read. As mentioned above, in 
any system displaying negative feed-back, some of the output of 
the system returns to limit and control its further output. In a 
voluntary movement some message goes back to the brain, in¬ 
forming it of the amount by which the movement has failed in 
its objective. If this return message is over-adequate, that is, if 
the negative feed-back is excessive, the system will be set into 
oscillation. An example of disturbance of feed-back systems in 
pathological states given by Wiener is cerebellar tremor, where 
the proprioceptive input is intact, but the output response is so 
disturbed that the resulting movement swings into oscillation. 
But one does not need to go into the diseased states to find 
examples of feed-back swinging into a “hunting” oscillation, as 
anyone knows who has tried to carry a shallow oblong tray cf 
water (such as an ice-tray) across the room. 

A detailed study of clonus in the cat has been made by Rosen- 
blueth and Wiener. 21 By calculations based on the number of 
incoming impulses per unit time necessary to achieve the re¬ 
quired summation to pass the threshold of synapses, and from 
the conduction time for single impulses in other parts of the 
neuromuscular arc, they have been able from the technique of 
servo-mechanisms to derive mathematically the frequency of 
clonic contraction. This calculated result is found to be in 
reasonable agreement with the observed frequency of clonus, 
experimentally induced by stretch stimulation of the myotatic 


receptors. 

Wiener has given an interesting example of “informative” 
feed-back. When driving on an icy road “one gives the steering- 
wheel a succession of small fast impulses, not enough to throw 
3 8 
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the car into a major skid, but quite enough to report to our 
kinesthetic sense whether the car is in danger of skidding, and 
we regulate our method of steering accordingly. We superim¬ 
pose on the incoming message a weak high-frequency input, 
and take off the output of the effector a partial output by an 
appropriate filter. We explore the amplitude-phase relations of 
the high-frequency output to the input in order to obtain the 
performance characteristics of the effector. On the basis of this 
we modify in the appropriate sense the characteristics of the 
compensator.” 

The importance of self-excitation is the influence it has on 
the thresholds of the synapses; it may so facilitate the incoming 
sensory impulses (which alone might be ineffective) as to make 
them now effective. This describes training. And the reverbera¬ 
tion, once started, can continue indefinitely provided the neces¬ 
sary energy for nerve cell metabolism is maintained, so that im¬ 
pulses are retained and persist through time. This last sentence 
is a description of one type of memory—memory, the old puzzle 
of the Dualists, who met the difficulty by allotting it to a non¬ 
material, non-physiological mind. 

In this context the concept of scanning takes its place. Wiener 
has drawn attention to the close analogy which may be made 
between computing machines and the brain; both consist of 
consecutive switching devices in which a choice between two 
alternatives is made at each step (on-or-off at each switch in the 
machine, all-or-nothing at each synapse in the nervous system). 
Wiener solved the problem of representation of functions of 
more than one variable in computing machines by introducing 
scanning, and McCulloch and Pitts have introduced it into the 
design of an apparatus to enable the blind to read the printed 
page by ear. By its use they have been able to make automatic 
selective readings of type imprint for a set of different magnifi¬ 
cations; that is: the variable tones produced by the agency of 
the photocell are specific for the pattern of letters and inde¬ 
pendent of the size of the print. This work led them to their 
application of scanning circuits to physiology. 

They have recently presented 2 some anatomical diagrams 
based on known neuro-anatomical micro-structure which de- 
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scribe how a scanning mechanism consisting of impulses sweep- 
ing up and down in nonspecific and associative afferents can 
furnish a basis for recognition of universal form when a par¬ 
ticular specific stimulus arrives over sensory pathways. One 
example is the recognition of chords regardless of pitch. The 
network they present, and for which they have completed the 
mathematical analysis, is based on the cytoarchitecture of the 
transverse temporal gyrus with its spatially arranged arrival 
stations for afferents from the medial geniculate; low tones 
excite the outer and forward end of this cortical strip, high tones 
the inner and posterior. The neurones excited by these afferents 
lie in vertically arranged columns of fifty or more, and relay the 
message to the associative efferents. Pitts and McCulloch sug¬ 
gest that the arriving sensory impulses in the specific afferents 
are inadequate to pass the synaptic threshold at this level except 
at the moment when the particular level of the column of nerve 
cells is facilitated by a simultaneous impulse from the scanning 
circuit. The sweep passes (and facilitates) each layer of neurones 
in turn. Any chord which has come in as impulses to a spaced 
set of neurones in the auditory cortex will be found in its turn 
by the periodic sweep, the impulses will summate, and dis¬ 
charges will descend in the associative fibres. “The level in the 
column, facilitated by the non-specific afferents, moves repeti¬ 
tively up and down, so that the excitement delivered to the 
depths moves uniformly back and forth as if the sound moved 
up and down together in pitch, preserving intervals.” The chord 
would thus be recognised regardless of pitch. 

These authors have also described an anatomical net for area 17 
of the visual cortex based on Cajal’s drawings from Golgi pre¬ 
parations, in which scanning through non-specific afferents 
would result in the recognition of shape regardless of size. 
Another spatial dimension has been gained by this temporal 
scanning mechanism. Were there indeed to be a ceaseless rhyth¬ 
mic sweep of impulses in non-specific afferents up and down 
through the cortex one would reasonably expect there to be 
some smoke from all this fire. That the alpha-rhythm may be 
this smoke has recently been suggested. Evidence that efferents 
to as yet undifferentiated nuclei in the thalamus and non-specific 
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afferents from them back to the visual cortex are the neuronal 
pathways of the alpha-rhythm has been brought forward by 
Morison and Dempsey, 25,26 and it is to them that the rhythmic 
scanning mechanism has been tentatively assigned by McCul¬ 
loch. The time-relationships are possible, for the number of 
synaptic delays in the circuit would result in a total sweep-time 
approximately the periodicity of the alpha-rhythm (io cycles 
per second). 

When the sweep has nothing else to do but follow its cyclical 
sequence (i.e., when we are awake with our eyes shut) the elec¬ 
trical rhythmicity is recordable in its purest form. When the 
scanning circuit is busy facilitating the transmission of specific 
impulses from the visual cortex (as when we open our eyes) the 
periodicity disappears. It is in keeping with the known facts 
of electroencephalography to recognise the close association 
between the a pha rhythm and form perception. But it is very 
generally accepted that the alpha-rhythm slows in the normal 
person on overbreathing, and the critical experiment to deter¬ 
mine whether the rhythm slows in these particular circuits 
between the visual cortex and the thalamus has not yet been 
made. It is of the utmost importance for this theory that ex¬ 
periment should establish whether the slower rhythms seen on 
overbreathing originate in some other part of the brain and 
spread elsewhere or whether they are truly a slowed form of 
the normal rhythm. Were the latter the case it would be odd 
that so gross a change in the scanning rate could take place with¬ 
out disturbance of perception. 

In the opening sentence of this paper reference was made to 
the impact of these developments in the neurophysiological field 
on psychology, philosophy and sociology. A neural mechanism 
which can “detect the equivalence of apparitions related by simi¬ 
larity and congruence, like those of a single physical thing seen 
from various places” without the necessity for depicting it as a 
constellation on neuronal mosaics, will interest the Gestalt 
psychologists. A neural mechanism involving a net into which 
an impulse can enter and persist through time to influence a 
response at a later date must interest the Behaviourist school. 
The traditional theories of neuronal paths passing into, through 
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and out from the nervous system by non-circular connections, 
paths where the “cerebrum itself may be indeed regarded as the 
ganglion of the distance-receptors,” 27 provided no mechanism 
for retention of impulses; the signal passed through and 
perished. A self-re-exciting loop of neurones, sharing neurones 
with other loops, in which reverberation can be set up by the 
entry of afferent impulses from different sense receptors gives 
and preserves the association between different particular events 
and allows the recognition of a universal to be sparked by the 
receipt of a particular. Thus the sight of a cat, whatever its 
colour or size, the written or spoken word for it in any of the 
languages known to us, the sound of its voice in the night, the 
feel of its fur in the dark, and, alas! its smell, will inform us of 
the same universal. 

Without the circular paths in the nervous system the incoming 
impulse would enter an “empty brain” and could inform it only 
of what happened at that particular instant; the response 
elicited would be merely to that particular. As McCulloch has 
put it, “a train of impulses in a regenerative loop preserves the 
form of the fact without reference to the one particular moment 
when it was experienced.” The uniformity of the nerve impulse, 
the unique form of the nerve action potential, makes possible 
this blend of stimuli, specificity having been left behind at the 
receptors. The number of neurones in the human brain, ap¬ 
proximately 10,000 million, makes possible a vast number of 
intercommunicating nervous nets. 

Northrop 28 in a recent symposium has emphasised the import 
to philosophy of these recent advances in neurophysiology. He 
states that the description by Pitts and McCulloch of neuronal 
nets by which nervous systems may know universals is “of revo¬ 
lutionary significance for natural science, moral as well as 
natural philosophy, and for one’s theory of the normative factor 
in law, politics, religion, and the social sciences.” “In other 
words, the basic premise of both the traditional philosophical 
dualists and idealists, and the traditional, supposedly scientific 
naturalists and mechanists, to the effect that natural and bio¬ 
logical systems can have neither knowledge of universals nor 
normatively defined and behaviour-controlling purposes, must be 
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rejected.” The dualism of mind and matter which began with 
Plato has been much buffeted through the years. The Cartesians 
increased it to a triad, of God, mind and matter. Spinoza 
admitted only God. Berkeley eliminated matter. Eddington 20 
advocated “mind-stuff.” The nagging problem was how to 
account for purpose, for memory and for the knowledge of uni¬ 
versal. For the mechanists and Behaviourists these were epiphe- 
nomena of no causal significance, rationalisations after the fact. 

Northrop also stresses that neurophysiology has now found a 
possible mechanism for purpose, for teleological purposeful 
activity in the correlate of negative feed-back systems by which 
signals from the goal can alter the behaviour after it has been 
initiated so that it reaches its goal. As Northrop points out, this 
is the requirement of any mechanism in order for it to be teleo¬ 
logically goal-directed, and “a teleological system can be—and 
in human nervous systems it is—a mechanical system. It is a 
mechanical system in which the behaviour of the system is con¬ 
trolled by a negative feed-back over the goal.” 

In the field of sociology we as human beings react to uni¬ 
versal, to ideas which persist through time, impulses which 
were initiated into reverberation by stimuli received in the past: 
perhaps at our mother’s knee, from the teacher in the school¬ 
room or the church. Later data arriving from outside us through 
our sense organs may not find any path leading into the rever¬ 
berating circuits of these socially prescribed universals nor any 
common loop, but may enter some different regenerative loops 
set up by other informative impulses from the physical world. 
In the light of the information carried by these new impulses 
some of us may reconstruct our universals in new circuits, but 
others will stick to the universals demanded by the social 
pressure of their culture. 

The conflict between universals of one social theory and those 
of another is the stumbling block to world order. Northrop has 
quoted the current example of the capitalistic and communistic 
theories as typical incompatibles. The brain is faced with a choice 
between these universals. 

The individual as he matures is continuously faced with this 
conflict between the universals, and it seems that the nervous 
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system must surely embody the possibility of choice. McCul¬ 
loch has suggested that since many paths share nervous parts, 
conflicts may be barred by inhibitory links from one circuit to 
another so that when both are excited only one works. 

I hat these are problems which concern the psychiatrist is 
inescapable. The analogy to many conditions in tie neuroses is 
clear. The disturbances of association, with the suggestion of 
inefficiently working inhibitory links; the continuously circu¬ 
lating worry with the failure of effective discharge in anxiety; 
the absorption into inappropriate association of stimuli from 
particulars in paranoia; the profound disturbances of memory 
in some neuroses, and the common experience, for which one 
does not have to go to the neuroses, of the conflict between intel¬ 
lectually established universals and emotionally conditioned 
ones : all these suggest themselves as pertinent for study in this 
light. That these may have their correlates in the neural nets of 
the brain is now a possibility; that such nets may be involved in 
certain states has been indirectly recognised by the introduction 
into therapy of prefrontal lobotomy. 

The test remains to be made: whether these ideas in fact 
prove fruitful, “for experiment will serve to eliminate those 
which do not fit the facts.” Rut at least we may take a more 
hopeful outlook than that expressed in 1946 by Gerard 31 when 
he said, “It remains sadly true that most of our present under¬ 
standing of mind would remain as valid and useful if, for all we 
knew, the cranium were stuffed with cotton wadding.” 
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I N psychiatry the concept of disease entities has long been in 
decline. Consequently the search for single pathogenic 
agencies has largely been abandoned. The contemporary ten¬ 
dency inclines to the more sophisticated if less satisfying con¬ 
cept of psychiatric disorders as disorders describable only in 
psychological terms and observable at the level of interpersonal 
relationships. I he organism is ill in its relation to other organ¬ 
isms. This can be brought about either because the environment 
created by other organisms is “pathogenic” or because the 
organism from nature or nurture is itself ill-equipped. To those 
reactionaries who still hoped for the discovery of specific cere¬ 
bral disturbances responsible for the clinical psychiatric syn¬ 
dromes, the development of electroencephalography promised 
much Similarly, to those w/ho conceived psychiatric aetiology as 
basically a matter of genetic defect in nervous tissue, the tech¬ 
nique presented a probable method for demonstrating these 
delects. No wonder, then, that electroencephalography excited 
wide interest in psychiatric research. A number of reviews of 
the literature 6 have appeared in recent years. These have mostly 
presented collections of papers under the appropriate clinical 
diagnostic headings and from among them no direction can be 
obtained for the strength of the stimulation, if any, which 
psychiatric research has received, or may expect to receive, from 
these efforts. In the present paper the writer will venture to out- 
fine a view of electroencephalography which seems to him to 
have significance for our efforts to understand abnormal be¬ 
haviour. This will necessarily be selective, and no claim is made 
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that all the significant facts are included or that all the observa¬ 
tions reported will prove to be significant ultimately. 

Soon after Adrian at Cambridge had demonstrated to the 
satisfaction of physiologists that the basic observations by Hans 
Berger were correct, Professor Golla, together with Grey 
Walter, a pupil of Adrian, began at the Maudsley Hospital a 
series of investigations on epilepsy and cerebral tumours, with 
results that are now classical in the literature. At that time, with 
cathode ray oscillographs and only short photographic records, 
or, more crudely, tracings on large kymographs from two chan¬ 
nels of amplification, the field of study which is presented by 
long records from multichannel recording on moving paper was 
unknown. In electroencephalography, as in many other sciences, 
not only the elucidation of problems, but also the very existence 
of problems, depends upon the development of technology. 
Within a short time of the development of reliable apparatus 
producing permanent long records, three observations were 
made which had immediate significance for psychiatry: 

1. The characters of the adult EEG. are a permanent pat¬ 
tern, and are as much a constitutional characteristic as the 
height, intelligence or finger-prints. The EEG.s of identical 
twins have identical basic characteristics. 

2. Enormous differences in the EEG. exist between indi¬ 
viduals, which, in a complex way not yet understood, are 
related to differences between these individuals. 

3. Such differences seen in waking individuals disappear 
under appropriate conditions of stimulation or sedation, 
chemical or physiological. The heterogeneity gives way to 
homogeneity. 

By 1940 large groups of normal subjects had been examined 
in North America. It was possible to describe standards of “nor¬ 
mality” which, although showing a very wide range of varia¬ 
tion, include about ninety per cent, of the population. A com¬ 
parison with the EEG s of many groups of psychiatric patients 
demonstrated a much higher incidence of abnormalities among 
them. P. Davis 7 showed that the incidence of such EEG. 
anomalies increased progressively with the severity of the condi- 
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tions by which the groups were selected, but these bear no 
direct relation to the clinical descriptive diagnosis. 1 he criteria 
of severity of illness can be resolved into degrees of social in¬ 
capacity. Thus, while the normal population, selected and 
screened for neuropsychiatric disorders, showed the least evi¬ 
dence of EEG. anomalies, the greatest incidence of the latter 
occurred among the group of chronic sick in a mental hospital. 
In the absence of any overt psychological incapacity, other 
groups selected for their varying stability to the stresses of 
war 8 ' 10 could be identified as groups, but not individually, as 
showing varying incidence of EEG. anomalies. I he more stable 
the group, the “better” the human material, the less the inci¬ 
dence of EEG. anomalies in that group. During the war when 
an even larger clinical material was examined, the importance of 
age as a factor in determining the incidence of EEG. anomaly 
became realised. Nevertheless, when this is controlled, when the 
effects of drugs, blood sugar level and other physiological 
variants are taken into consideration, it is still evident that 
neuropsychiatric patients as a group show more anomalies and 
abnormalities than normal subjects. 

Examination of the actual tracings in different diagnostic 
groups immediately emphasised the organic nature of those con¬ 
ditions already known to be organic. Abnormalities occur at 
some stage in most cases of parenchymatous syphilis, cortical 
atrophy, and Addison’s disease and are related specially to the 
occasions of epileptic fits and mental confusion. Anomalies occur 
at some stage in most cases of arterial brain disease and other 
slow degenerative disorders. Nevertheless, although valuable in 
many cases as a diagnostic adjunct, it cannot be claimed that 
electroencephalography has added materially to our knowledge 
of the pathological processes in these conditions.. 

Despite the wide and increasing extension of psychiatry into 
the field of social medicine, the central problem is still the inves¬ 
tigation of those disorders of behaviour for which no structural 
or functional lesions can be found within the body and for 
which a psychological dynamic theory of causation is insuffi¬ 
cient. Outstanding among these are, of course, the large groups 
of affective and schizophrenic disorders. It was possible that the 
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highest incidence of EEG. anomalies and abnormalities among 
the mental hospital group, already cited, might be due to the 
presence among them of numbers of degenerative cerebral dis¬ 
orders, but examination of the EEG.s of patients with affective 
and schizophrenic illnesses establishes that this is not the case. 
In both groups, but to a greater degree among schizophrenics, 
anomalies and abnormalities occur in high incidence. 

It is clear that the affective illness cannot be distinguished 
from the schizophrenic by electroencephalography and that no 
diagnostic value can be found in the technique for the func¬ 
tional nervous disorders. However, in terms of dominant fre¬ 
quency, persistence of rhythmical activity and the presence of 
fast or slow activity, both types show greater scatter than normal 
subjects. On the other hand, schizophrenics are distinguishable 
as a group by the high incidence of abnormalities in the EEG. 
of the type found among epileptics, and those showing such 
abnormalities are usually catatonic. 1111 Among both schizo¬ 
phrenics and manic depressives, but particularly the former, are 
found many patients whose EEG.s show no rhythmical activity 
at all, the records being composed of arhythmic fast activity of 
low voltage, giving a ‘choppy” appearance. On the other hand, 
particularly among schizophrenics, another group can be dis¬ 
tinguished showing an excess of slow rhythmical activity and 
in the deteriorated cases greater uniformity towards rhythmical 
activity of alpha frequency is found. 15 

The EEG. patterns found in acute catatonic schizophrenia, 
particularly of the recurrent type, provide additional evidence to 
that already supplied by Gjessing in favour of a metabolic dis¬ 
order responsible for this condition. The high incidence of 
epileptic discharges seen, and more important, the change to 
dominant slow activity during the stupor phase of the illness, 
with recovery in the EEG. as the patient recovers, favours this 
theory. It seems to the writer highly probable that such evidence 
as this will, within a short time, lead to the separation of this 
condition from among the schizophrenic disorders. For the rest, 
schizophrenic or manic depressive disorders, the EEG. findings 
show great variability, but variability within the physiological 
range which can be encountered in the “normal” population. If, 
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therefore, electrocncephalographic studies are to add anything 
to our knowledge of abnormal behaviour, it will be necessary to 
direct attention to normal variability. To what extent are the 
differences between individuals determined by genetic factors, 
and to what extent by acquired habits of functional organisation 
within the nervous system? At what level and in what terms 
can the phenomena of the organism’s behaviour be related to 
the phenomena of the EEG.? 


RELATION TO THE EXTERNAL ENVIRONMENT 

From the earliest animal experiments of Berger and Bremer 
we learn that the amount of rhythmical activity in the electrical 
record from the cortex depends upon the intensity of the sensory 
influx, and this is not entirely confined to the visual system. 
For example, transection of the midbrain, cutting all the sensory 
tracts from the animal’s body, results in a marked increase in the 
amplitude and regularity of the rhythm. Amplitude and regu¬ 
larity of the electrical rhythms are inversely related to the 
amount of sensory influx. The responsiveness of the rhythmical 
activity to different modalities of sensory stimuli depends, not 
only upon their intensity, but also upon a central state which 
can only be described in psychological terms, such as “atten¬ 
tion” or “mental set.” The latent time of blocking of the oc¬ 
cipital dominant rhythm to a visual stimulus is reduced if the 
stimulus also serves to produce a motor or overt response. 16 
When subjects were instructed to respond to a flash of light by 
raising the right hand, the mean latency time for blocking was 
0-248 sec., while when they were stimulated without instructions 
to give motor response, the latency time was 0 287—a significant 
difference. When a preparatory auditory signal is given in this 
type of experiment, an even greater reduction in latency time is 
found. 17 This change is regarded by Knott 18 as indicating a 
change in the “mental set” of the individual. This writer postu¬ 
lates a hypothesis that a “mental set” in one direction—in this 
case towards motor response—is the “end result of a stabilisation 
of the activity of the other [than occipital] areas.” This writer 
has elaborated this theory further, 19 ' 20 suggesting that a “mental 
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set ’ is brought about by an alteration in the “functional struc¬ 
turing” of the cortex. He writes: “Its meaning is essentially 
literal, since it is difficult to think of ‘function’ and of ‘struc¬ 
ture’ as discrete entities in the living organism. Extending the 
concept of structure down to the inframicroscopic, it is assumed 
that functional cortical events are essentially‘structural events.’ ” 

In a beautifully simple experiment, Adrian 21 showed how the 
attention value of the sensory influx influences the electrical 
activity of the visual areas. By placing spectacles with 4D lenses 
upon a subject whose eyes were open, the field of visual events 
was “uninteresting,” but the alpha rhythm showed blocking; 
when a ticking watch was brought close to the ear the alpha 
rhythm reappeared. In this experiment the change in “mental 
set” from the visual to the auditory field is demonstrated. 

Golla, Hutton and Walter, 22 using the dominance of the 
alpha activity and its responsiveness to visual attention as 
criteria by which to classify records, divided the latter into three 
groups. In the first the alpha activity dominates the occipital 
areas and responds by blocking to the stimulus. This is the 
classical and theoretical “normal” EEG. and was related to a 
normal quality of visual imagery. In the second, the alpha 
activity dominates the occipital areas, but shows no blocking 
response to visual attention. This type was found related to a 
poor quality of visual imagery. The third type showed a “per¬ 
sistent blocking” of the alpha activity in the occipital areas 
(records show low voltage faster rhythm) and was related to a 
dependence upon a high degree of visual imagery for thinking 
processes. Both the second and third types have been described 
as common among schizophrenics. 11 ’ 23 These differences may 
naturally be explained as differences of ‘‘mental set” towards 
visual events or nonvisual events. 


RELATION TO THE INTERNAL ENVIRONMENT 

To the early workers the phenomena of the EEG. were dis¬ 
appointingly constant and simple. A view developed that the 
phenomena represented but side effects of cortical activity, that 
they added n 
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the nervous system at the cortical level. As an instrument of re- 
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search not only in psychology hut also as a practical diagnostic 
technique in clinical medicine, the electroencephalograph has 
passed through a period—indeed it is still in it—when its value is 
in serious doubt. This largely has arisen from the fact that 
similar EEG. phenomena are encountered in a wide diversity 
of psychological and clinical states. Gross lesions of the brain are 
found in association with “normal” electrical patterns. Gross 
electrical “abnormalities” are found in all areas except the 
diseased one, and lastly, gross electrical “abnormalities” are 
found in the presence of “normal” cerebral tissue. 1 he per¬ 
plexity and impatience which these facts have aroused depend 
upon the apparently often-forgotten fact that phenomenally the 
EEG.s are an expression of function, not of structure. 1 he clini¬ 
cal mistakes in diagnosis, the bewilderment of interested ob¬ 
servers, do not arise from any capriciousness upon the part of 
the brain, but upon our human ignorance and human fallibility. 
The limitations lie not in the technique but in the electrocn- 
cephalographer. 

The demonstration in recent years of a functional and struc¬ 
tural localisation at a cortical level for autonomic functions justi¬ 
fied the expectation that a relationship might exist between 
variations of spontaneous electrical activity and variation in 
autonomic function. If this were so, a relationship between affec- 
tivity and the EEG. should exist, and this should be demon¬ 
strable not only in psychological terms, but also in terms of auto¬ 
nomic function. From the work and reviews of Darrow 24 ' 27 
and Kennard 28,20 certain conclusions may be drawn : 

1. Attention and increased cerebral activity are associated 
with low voltage fast activity, while relaxation and decreased 
cerebral activity go with higher voltage slow activity. 

2. Emotional tension changes the patterns markedly, but not 
consistently, reducing the amount of alpha frequency and in¬ 
creasing faster frequencies. 

3. When tasks are given, those presenting difficulty and arous¬ 
ing competitive feeling change the EEG. to a greater extent 
than those which are simpler without arousing competitive 
feeling. 28 
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4 * An inverse relationship exists between the excitability of 

deep reflexes and the amount of spontaneous activity at alpha 
frequency. 29 

5 * An inverse relationship exists between changes in the heart 
rate and the dominant frequency. The appearance of slow 
activity in the EEG. induced by overbreathing is associated with 
an increase of heart rate. 20 The evidence suggests that both 
phenomena are brought about by a reduction of vagal activity. 27 

There can be no doubt from stimulation and extirpation ex¬ 
periments on animals that hypothalamic activity influences the 
characters of the cortical rhythms. The evidence from Darrow’s 
experiments is that such changes in the cortex are brought about 
by modification of the discharges along peripheral parasym¬ 
pathetic pathways and may include the intermediate factor of 
tone in cortical blood-vessels. Murphy and Gellhorn, 30 ’ 31 how¬ 
ever, provide evidence of a central direct effect upon cortical 
activity from hypothalamic stimulation. The changes induced, 
which were “definite and long-lasting” (40 secs, to 4 minutes 
after cessation of stimulation), were in the direction of greater 
cortical excitability and associated with change to fast activity 
in the spontaneous rhythms. Moreover, the hypothalamic areas, 
stimulation of which produced this type of EEG. change, were 
those areas, and only those areas, stimulation of which also re¬ 
sulted in sympathetic autonomic phenomena. But the changes 
in the cortex were shown not to be dependent upon peripheral 
autonomic discharges since the EEG. effects were still present 
after removal of the adrenals and after cervical sympathectomy. 
These experiments, which are of the greatest importance in any 
endeavour to relate the cortical and central autonomic aspects of 
emotion, also showed that simultaneous stimulation of sym¬ 
pathetic hypothalamic foci and motor cortex areas results in an 
increased motor response from those areas. Using the strychnine 
firing technique, Murphy and Gellhorn (1945^) demonstrated 
that the pathway to the cortex from the hypothalamus is via the 
dorsomedial thalamic nucleus, but that the cortical excitation is 
self-sustained. Since the hypothalamus itself can be “fired” by 
strychnine from widely scattered cortical areas and also from 
the ventro-lateral thalamic nucleus, Murphy and Gellhorn 
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postulate a fundamental functional inter-relationship between 
cortex and basal centres, of which the cortical electrical activity 
is an expression. The hypothalamus rather than the dorsomedial 
thalamus may be the “source of the basic brain rhythm,” and 
this is brought into functional relationship with the sensory 
influx by the connections from the ventrolateral thalamus. 

The work of Murphy and Gellhorn provides a blue print of 
functional organisation from which the effects upon the EEG. 
not only of the sensory influx, but also of emotion and of 
different physiological states such as sleep, may yet be under¬ 
stood. The effects of hypothalamic disease upon the personality 
and upon the EEG. are well known; so too is the recognition of 
this area as the sleep centre and the changes in the EEG. in 
sleep. It is likely that what Adrian' 2 has called the “mechanism 
of attention” is situated here and not in the thalamus or cortex. 

THE EVIDENCE FOR MATURATIONAL PROCESSES 

It is generally held that some degree of functional organisa¬ 
tion in any cortical area precedes the appearance of spontaneous 
rhythmical electrical activity in it. The absence of such activity 
in the cortex of the waking infant at birth suggests an absence 
of functional organisation in the cortex at this time, yet this can 
only be relative, since when the infant sleeps rhythmical activity 
can be recorded. It is evident that some functional relationship 
exists between the hypothalamus and cortex even at the start of 
extra-uterine life. The principle that presence of spontaneous 
rhythmical activity in a cortical area indicates functional rest in 
that area has been inferred from many observations. The first 
appearance of EEG. activity in the scnsori-motor areas of the 
waking infant at about the fourth month of life and in the 
occipital areas a few months later has been related to the develop¬ 
ment of functional organisation in these areas. The second prin¬ 
ciple may be inferred from observations upon isolated ganglia 
and from pathological conditions, like tumour. This is that, in 
an area where neurones are already organised, the greater the 
degree of isolation from functional relationship with the rest of 
the nervous system, the slower and more rhythmical is the spon¬ 
taneous electrical activity in that area. The larger the number of 

55 



PERSPECTIVES IN NEUROPSYCHIATRY 

neurones in such an “isolated” area the larger the potentials 
developed. 

During the first five years of life the characters of the EEG. 
are more complex than at any time later. The appearance of a 
large range of frequencies in different cortical areas from the 
sixth month to the tenth year of life indicates that during these 
years there is a progressive functional organisation in the cortex, 
but relative isolation from integration with the rest of the nerv¬ 
ous system. The absence of blocking response of the occipital 
rhythm to visual attention stimuli before the third year in most 
children means relative isolation of those areas from lower 
centres, and from the hypothalamic “attention mechanism” pos¬ 
tulated by Adrian 32 and supported by the studies of Murphy and 
Gellhorn, cited already. The longer blocking time of these 
rhythms in children when compared with adults 34 is in line with 
this view of progressive functional organisation. The gradual 
decline in the number of different frequencies, the fall in voltage 
and the increasing simplification in the appearance of the record 
which takes place between the ages of six and fourteen in 
most normal children, suggests that progressive integration of 
different functional units is taking place, but the extreme varia¬ 
bility between individual children in the rate of change during 
the period one to fifteen years indicates similar variability of rate 
of functional organisation within the nervous system. The vari¬ 
ability is indeed great. Walter and Dovey found the most “im¬ 
mature EEG.s in ten-year-old normal children were sometimes 
similar to the most mature” records in one-year-olds. Unfor¬ 
tunately there is no precise knowledge of the time when the 
EEG. characters cease to change. “Maturity” for any individual 
is unrelated to the maturity of innate cognitive ability (I.Q.), 
skeletal or sexual maturity, or to any known physical or physio¬ 
logical measurement. The data from behaviour problem chil¬ 
dren, 33 38 from personality and social aptitude tests on normal 
children, 30 and from young neurotic and psychopathic adults 40 ’ 41 
suggest that delay in “maturation,” assessed in EEG. terms, 
correlates best with emotional—that is personality—maturation. 
The delayed disappearance of rhythmical slow activity (/.<?., less 
than 8 c/sec.) constitutes immaturity. 
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Despite the bewildering complexity of the records during the 
years of infancy and childhood, it is clear that there is some 
“preference” for particular frequencies of oscillation shown by 
the neurones of the various cortical areas. While the visual asso¬ 
ciation areas and the whole posterior parietooccipital cortex 
favours a frequency of 8-13 c/sec. (alpha), the central and tem¬ 
poral areas commonly show a 4-7 c/sec. activity (theta). The pre¬ 
frontal are the last areas in development where activity at 3 c/sec. 
or less (delta) persists and are the first areas in which rhythm of 
this frequency appears during overbreathing alkalosis, anoxia, 
hypoglycemia, etc. Similarly, fast rhythm at more than 14 c/sec. 
(beta) commonly occupies the premotor areas and under condi¬ 
tions of acute barbiturate intoxication increases in these areas 
first. 

Certain aspects of individual EEG. characters and the changes 
that occur in them which are important for the problems of 
maturation remain for consideration. As already mentioned, the 
amplitude of waves in a rhythm is a rough measure of the 
number of cellular units taking part in its production. The fre¬ 
quency of the rhythm is less understood, but may be contingent 
upon the electrical constants of the tissues and upon the respira¬ 
tory rate of the cells. Hoagland 42 ' 44 considers that when a change 
in frequency over a small range occurs, the change is probably 
proportional to the change of velocity of a chemical pacemaker 
“in a serial chain of enzyme-catalysed events involved in cerebral 
respiration.” The younger the brain the greater is its sensitivity 
to changes in the blood chemistry. All processes reducing the 
rate of cerebral oxidation slow EEG. activity and result in the 
reappearance of patterns which were normal for a younger brain 
in a normal chemical environment. Under such conditions the 
interindividual differences which characterise the EEG.s of older 
children and adults disappear. Lastly, the amount of time occu¬ 
pied by a rhythm in the record is not contingent upon nor re- 
ated to such physico-chemical factors, but is related to the 
degree and the modality of the sensory influx. In the case of the 
occipital alpha activity, the control of the “attention median-* 
ism” is probably, as already indicated, in the hypothalamus. 

If the above observations can be regarded as valid, the writer 
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considers that a general statement can be tentatively made which 
may serve heuristic purposes for psychiatric research. 

1. The constant pattern of the EEG. reflects the maturation 
of the brain in terms of functional organisation, but in a negative 
sense, for “amount” of EEG. activity (/.<?., rhythmicity and 
amplitude within normal frequency range) and functional 
organisation at the highest level are inversely related. 

2. 1 he brief or transient pattern of the EEG. reflects the func¬ 
tional organisation of the brain for the period under observation. 

3- ^ seems probable that whenever the organism changes its 
relation to the environment—that is, when its “attention” or 
“mental set” alters, a change in the EEG. pattern occurs. 

It is against the background of our imperfect physiological 
knowledge of the factors influencing the characters of the EEG. 
that we must consider the records of patients. Alone they are 
meaningless. Two approaches to this subject are open. In the 
one we may consider the variability presented by any large group 
selected on, say, a common diagnostic label. We may, for 
example, examine the records of a group of schizophrenics and 
record the variability found among them; we may then compare 
the results with the findings in an equivalent group of manic 
depressives or psychopathic behaviour disorders. In the second 
approach the effects of various types of stimuli upon the EEG. 
are compared in patients and normal subjects. The first approach 
might be called “static,” the second has already been termed 
“functional” electroencephalography. 45 


STATIC ELECTROENCEPHALOGRAPHY 

The comparison of EEG. records taken from one individual 
at different times, or taken from a number of different indi¬ 
viduals, is a valid procedure only if there is uniformity of stimu¬ 
lation for the organism. This relates to both the internal and 
external environment, and is obviously very difficult to achieve. 
It implies uniformity of sensory influx, or uniform “mental set” 
or “attention” and an equivalent chemical milieu for the brain, 
especially in regard to the factors of pH and blood sugar. Seda¬ 
tive and stimulant drugs must obviously be excluded. The EEG. 
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data obtained from a schizophrenic in a bewildered, frightened 
paranoid state cannot be compared with that obtained on another 
occasion when the patient is depressed, withdrawn and inatten¬ 
tive, if we are concerned with the detection of altered cerebral 
function as cctiologically significant in the disorder. At the be¬ 
ginning of this article allegiance to the view of psychiatric dis¬ 
orders as illnesses manifest at the level of interpersonal relation¬ 
ships was made. It has often been said that the brain works as a 
whole, so indeed at the level of psychiatric disorders does the 
organism. The argument leads, it would seem, to the conclusion 
that the electroencephalographic method of the “static” type 
cannot by its very nature be used to discover any actiologically 
significant pathological process in the brain when the data con¬ 
sist only of abnormal variability. From this statement catatonic 
schizophrenia must, as already mentioned, be excluded. Never¬ 
theless the data are of interest. Much greater variability is found 
among schizophrenics than among manic depressives, who prob¬ 
ably differ very little from the normal population. Cutting across 
all diagnostic groupings or clinical types, a group of patients 
with an excess of central and temporal slow activity (theta 
rhythm) is found, which relates so well to age, declining in 
incidence as progressively older patients are examined, and 
showing the characters seen normally in older children, that the 
conclusion that there is a defect in the maturation process seems 
justified. But whether this defect is of genetic or acquired origin 
remains to be determined. The findings among schizophrenics 
are of the greatest interest because of their great diversity and 
will be considered in more detail. 

The range of records varies from those with dominant, wide¬ 
spread high voltage alpha rhythm showing a normal or poor 
response to visual attention stimuli, to those with no dominant 
rhythm at all and none in the alpha frequency range—the 
former are common in the older patients, the latter in the 
younger. The absence of rhythmical activity and the presence of 
low voltage random fast potentials gives the record a “choppy” 
appearance. In the first, a relationship to the inattentive, with¬ 
drawn state seems likely—a relative independence of cortical 
activity from the control of the basal “mechanism of attention.” 
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In the second “choppy” type the reverse situation has been pos¬ 
tulated. Observations of this phenomenon among schizophrenics 
led Lemere 10 to suggest a basal, possibly midbrain dysfunction. 
The picture of apparent absence of activity recorded in the EEG. 
under the usual technical conditions is, however, deceptive. 
Greater amplification reveals, as P. Davis’s records show, that the 
records are in fact composed of great activity, but the potentials 
are random and a-synchronous. Compared with the rhythmical 
synchronous activity in most records of normal subjects, the 
“choppy” record demonstrates a much greater cortical activity. 
The difference between the young and the deteriorated schizo¬ 
phrenic, the greater cortical activity being seen more commonly 
in the former, and the great inter-individual variability among 
schizophrenics between hypersynchrony and asynchrony, must 
both suggest a variation in the intensity of the “upward dis¬ 
charge” to the cortex from the hypothalamus for which Murphy 
and Gellhorn have provided the evidence. But there is some con¬ 
fusion of opinion over the alleged hypothalamic dysfunction; if 
the low voltage or choppy records so commonly seen in schizo¬ 
phrenics indicate less cortical activity (Lemere), depression of 
hypothalamic activity must be assumed, but if P. Davis’s inter¬ 
pretation is correct, then hypothalamic overactivity, with prob¬ 
ably defective synchronisation, is more likely. The question re¬ 
quires further work to elucidate the true characters of the 
“choppy” records, but it has generally been assumed (Gellhorn) 
that the phenomena represent less activity. This explanation 
tallies well enough with the considerable evidence of a defective 
autonomic—and particularly sympathetic-adrenalin—system in 
schizophrenia and the further evidence suggesting that shock 
treatment alters cortical function, probably through the hypo¬ 
thalamic autonomic centres (Gellhorn). It need hardly be 
pointed out that these fragmentary observations, incomplete 
theories and suggestive correlations are of particular significance, 
if only because they all refer the disorder of functional organisa¬ 
tion in the schizophrenic’s brain to the hypothalamus, which 
contains “the mechanism of attention,” and which is also the 
site for the co-ordination of emotional expression. 
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FUNCTIONAL ELECTROENCEPHALOGRAPHY 

In some clinical laboratories the charge can be made that it 
has often been forgotten that the taking of an electroencephalo¬ 
gram is a physiological experiment. In this sense electroen¬ 
cephalography differs fundamentally from, say, radiology or a 
chemical estimation of blood. Since the record is an account of 
the living brain's activity in time , the laboratory situation is not 
only one of observation, but one also of varying stimulation. 
The more that is known about the stimuli obtaining during the 
test for each patient—for example, the chemical status of the 
cerebral blood—the more can be learnt from the EEG. Once the 
stimuli which affect the EEG. have been recognised, the possi¬ 
bility is opened of manipulating them for purposes of demon¬ 
strating the brain’s response to them. The first workers to use 
overbreathing to induce “instability’' in the cortical activity, or 
indeed those who first demonstrated that the alpha rhythm of 
the visual cortex changed with visual attention, were using the 
principle of functional electroencephalography. In its simplest 
form, a stimulus, chemical, sensory or psychological, is given 
the subject and the effect upon the EEG. measured. The data 
can then be used for the comparative method. When a simple 
and single measured stimulus, such as a flash of light, is pre¬ 
sented, it is necessary to control the environment of the brain 
and the same precautions are necessary as those obtaining for 
the “static” method. This again is a limitation and difficulty. To 
the stress of overbreathing the EEG. responses of schizophrenics 
show greater stability than controls. 17 On the other hand, epilep¬ 
tics and some psychopathic personalities show greater instability 
at high levels of blood sugar than any other diagnostic groups. 48 
With such stimuli as flickering light, more precise data about 
the behaviour of the cortical activity can be obtained and the 
tendency for the latter to follow the frequency of stimuli or at 
multiples of it is well known. Walter 49 finds that the tendency 
for the brain rhythms to follow at a multiple of the flicker fre¬ 
quency and not at the frequency itself is commonly found in 
organic cerebral disease. Little use of this method for psychiatric 
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problems has yet been made. Extending the principle of apply¬ 
ing the particular stress to which the particular brain is likely to 
be sensitive (for example overbreathing alkalosis in epilepsy), 
subconvulsant doses of metrazol, insulin hypoglycemia, hydra¬ 
tion, and more recently sleep, have been used to elicit epileptic 
discharges. With the exception of sleep, all these stimuli have 
the disadvantage that they are not “physiological” stimuli. In 
the case of the functional psychoses there is obviously a great 
advantage in restricting observations to those obtained from 
stimulation or stress within the normal range of physiological 
variability. Sleep has been utilised as a method for demonstrat¬ 
ing differences between manic-depressives and schizophrenics. 50 

The now considerable literature (see Gellhorn 51 ) dealing with 
the decreased reactivity of the sympathetic-adrenalin system and 
relative increased reactivity of the vago-insulin system in schizo¬ 
phrenics, together with the studies of Murphy and Gellhorn 
already cited regarding the role of the hypothalamus in influ¬ 
encing the EEG., led the writer and his colleagues 52 to examine 
the effects of a stress which affects both the cortex and the 
autonomic system. Although not strictly a “physiological” 
stress, since it exceeds normal variability, insulin hypoglycemia 
has the advantages that its effects are readily produced, con¬ 
trollable and the time factor between intravenous injection and 
changes in EEG. and autonomic system is about thirty minutes. 
Further, the development of these changes occurs during ten 
minutes or so, which enables observations to be made easily. The 
effects in normal subjects upon the sympathetic-adrenalin system 
are sudden and profound, which is an advantage in the investi¬ 
gation of a condition in which this system is allegedly hypo¬ 
reactive. By recording the EEG. from different head areas simul¬ 
taneously with the ECG., and the electrical resistance of the 
palm during the initial fall of the blood sugar, the following 
observations have been made. Firstly, the level of blood sugar at 
which slow waves of theta frequency appear in the fronto-cen- 
tral areas (the first change in the EEG.) is significantly lower 
among schizophrenics than in normal persons. In the latter this 
change in cortical function is followed immediately or within a 
few minutes by a mass discharge of the sympathetic adrenalin 
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system, evidenced as a sudden profound fall in the skin resist¬ 
ance and a rise in the heart rate. This again is followed by a rise 
of the blood sugar level within a few minutes, due presumably 
to the mobilisation of glycogen. Among schizophrenics this 
order of events is by no means the rule. Not only is the cortical 
change (EEG.) late and at a lower blood sugar level, but the 
sympathetic adrenalin discharge is also late and may not occur. 
Nevertheless, the rise in blood sugar level may occur before this 
happens, suggesting a prior discharge of local, perhaps spinal 
sympathetics instead of the mass discharge from a higher level 
in the nervous system. 1 hese experiments have demonstrated 
again, but in EEG. terms, the general finding of defective re¬ 
activity to stress which characterises the schizophrenic. The de¬ 
fective reactivity is seen in the one experiment, both in the 
somatic nervous system and in the autonomic system, but more 
significantly, the responses of both systems are seen to be related 
to one another. I he locking ’ of the two mechanisms and the 
precedence of EEG. change over autonomic change in the 
majority, whether early or late, indicates a common integrating 

physiological mechanism at a high level of functional organisa¬ 
tion. & 


Both in the research laboratory and in the clinical department, 
the principles inherent in the concept of functional electro- 
encephalography are gaining ground. In his Presidential 
Address to the EEG. Society Professor Golla emphasised the 
importance of keeping electroencephalography within the field 
of physiology. The dangers of using the EEG. record as one uses 
a radiographic film, of isolating the data from the total patient 
and of misusing the data by forgetting that they represent 
phenomena of function not of structure, are so great that no 
apology will be made for repeating them. In England recently 
tacit recognition of these dangers is seen in the growing tendency 
to rename Departments of clinical electroencephalography De¬ 
partments of Applied Electrophysiology. Of course, a high- 
sounding name does not necessarily make the activities of such 
establishments sacrosanct! Nevertheless, these tendencies sug- 
gest that in the not distant future the data on the EEG. record 
will relate to clinical physiological phenomena other than those 
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of the EEG. itself. With this we must anticipate further increase 
in the complexity of the data. As Walter has pointed out 03 the 
time is almost upon us when the investigator will be unable to 
comprehend the range of data presented to him. When this 
happens it will behove technology to turn its attention to this 
further human deficiency by the development of devices for 
integration and generalisation. 
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FEATURES IN THE ELECTRO-PHYSIOLOGY 

OF MENTAL MECHANISMS 


By W. GREY WALTER, 

M.A., Sc.D. 

{Director of the Physiological Department, Burden Neurological Institute) 

I N the present fabric of Neuropsychiatry there is little for 
physiologists to be proud of. Turn up the section on the brain 
in a pre-war textbook of physiology and you will find glean¬ 
ings from clinical neuro-anatomy—and Pavlov. Even in a 
modern work the space allotted to brain is usually about half that 
devoted to blood, though the anatomy is more lifelike, with 
firing diagrams as well as the discouraging balloons and 
arrows which purport to show the interrelation of central nerv¬ 
ous structures. The fact is that only a few of the advances in 
applied neurophysiology are due to physiologists. I well remem¬ 
ber the first time that the possibilities of clinical electroen¬ 
cephalography were discussed in England. It was at the old Cen¬ 
tral Pathological Laboratory, in 1929, when Golla and Antono¬ 
vich were trying to use amplifiers with a string galvanometer, 
and were breaking a string almost every time they switched on. 
Golla was anxious to use the Matthews oscillograph—then the 
last word in robust accuracy—to measure peripheral and central 
conduction times; I had offered to help set the equipment up, 
and with undergraduate superiority was trying at the same time 
to modernise some of Golla’s conceptions. Over lunch around 
the laboratory table he referred to the recent publication of 
Berger s claims, which I instantly scathed; they were un¬ 
doubtedly artefacts, and even if there were something in it there 
was nothing you could measure, and his technique was con- 
temptible. . . . Golla agreed with milder scepticism, but added, 
It this new apparatus is as good as you say, it should be easy to 
find out whether Berger’s rhythm is only an artefact, and if it 
isn t, the frequency seems quite constant; surely one could 
measure that quite accurately? I feel almost certain that there 
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would be variations in disease.” But I still could not accept the 
brain as a proper study for physiologists, and indeed it was five 
years before Adrian’s experiments vindicated Golla’s intuition, 
and seven before the first cerebral tumour was located by the 
RE.G. in that same laboratory of Golla’s. 

Of course there are now hundreds of EEG. centres, and papers 
on the subject appear at the rate of more than one a day; inter¬ 
national congresses are held, a special journal appears—there is 
every sign of vigour and progress. But looking back on the 
twenty years of EEG. development and forward to its years of 
discretion, what are the auguries? How much of what has been 
done is of permanent value? From present trends will there 
emerge a fresh science or a stale technique? The answer to the 
last question is probably—both. The routine and relatively un¬ 
intelligent use of the best modern techniques can help the 
clinician appreciably. With only a secondary school smattering 
of physics and physiology and a few simple rules, a recordist can 
locate 80 per cent, of intra-cranial lesions, can assist materially 
the diagnosis and prognosis of the majority of people who com¬ 
plain of seizures, and in io per cent, of such cases can provide 
data of incomparable value; even in a purely psychiatric clinic 
the contribution of routine electroencephalography can be signi¬ 
ficant. Its place in medicine is now sufficiently established as 
to be permanent. Technical advances will eliminate the more 
tiresome precautions and limitations, freeing the recordist—for 
what? There are some who already class the EEG. with electro¬ 
cardiography and radiography, hoping for results as concise and 
unambiguous as if they were to do with heart or bones, instead 
of the most complex and majestic mechanism in the universe. 

Parallel with the simplification of its clinical use is the grow¬ 
ing complexity of EEG. research. At long last a few physiolo¬ 
gists are trying to study the brain and its functions in the spirit 
of Claude Bernard, as an organ which not merely maintains “la 
fixite du milieu interieur,” but also operates dramatically on the 
“milieu exterieur.” Although it is only since the end of the war 
that this attack has been launched, and although the stresses of 
the modern world may well crush if, the modest gains of the 
first few years are worth surveying. It may be to another epoch 
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of civilisation that the great answers will be given, but even 
those who are before their time have a right to an epitaph. 

The basic concept which runs through the new approach to 
brain and mind is that the brain is an organ for handling signals. 
The fertility of this notion is great because, during the war, 
instruments of fantastic complexity were developed for military 
purposes and from the urgent need for their perfection has arisen 
a great mass of fact and theory, of thought and speculation about 
the way in which signals of any sort can be made to convey 
information and perform actions. None of these signalling 
devices compares with the whole of even the simplest brain, 
but there is so much in common between living and artificial 

O 

mechanisms that comparison between them no longer seems as 
ingenuous as it did when the word “machine” called up a pic¬ 
ture of a locomotive or a telephone. 

There are three features of modern signalling and control 
devices which arc suggestive to the physiologist. 

First, there is the capacity for compressing a variety of in¬ 
formation into one channel by means of modulation, scanning 
and coding systems. By this means not only can the bulk of an 
instrument be enormously reduced without loss of signal-hand¬ 
ling capacity, but also information from one source can be com¬ 
pared with that from another, even when the two sources are 
not merely far apart, but of an entirely different nature. We 
shall consider later how such mechanisms and properties may 
be identified also in the central nervous system. 

The second important feature of many modern contrivances 
is that known colloquially as “Feed-back.” In another part 
of this volume and elsewhere Ashby 1 ' 5 and Wiener 6 discuss 
this concept in some detail. It is such a familiar one in biology 
that we may not realise how novel and revolutionary it is in en¬ 
gineering. Until quite recently the world of machines was popu¬ 
lated by receptors and effectors which were only rarely joined 
together. Almost as though a world were full of isolated nerves, 
muscles, glands, eyes, ears and so forth, with never a trace of a 
spinal cord, let alone a brain. Feed-back is merely the result of 
joining a receptor and an effector together in such a way that 
the receptor can both stimulate and be stimulated by the effector. 
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In a simple case, if the connections are such that the activity 
ot an effector increases the activity of the receptor which still 
urther stimulates the effector the result is positive feed-back and 
usually instability. Such instability ends either in a runaway and 
breakdown, or if the range of activity is more limited in oscilla¬ 
tion. When the reverse conditions maintain—that is, the activity 
of an effector leads to diminished receptor stimulation—the feed¬ 
back is negative and a condition of stability results, combined 
usually with a lower level of sensitivity. Even in the simplest 
organism both types of feed-back are the essential basic require¬ 
ment in the performance specification for survival. Indeed they 
are all that is required for demonstration of tropistic or goal¬ 
seeking behaviour. It is quite possible to make a machine which 
would behave as purposefully as an insect or lower vertebrate— 
the homeostat of Ashby demonstrates the technical simplicity 
which underlies such action. A modern projectile will seek its 
target as unerringly as a moth a candle, providing it is given 
the right ideas about what targets are desirable. You cannot 
have ethics without negative feed-back—it can even be argued 
that a code of morals requires nothing more. 

The third feature of some modern machinery is its remark¬ 
able memory. If signals corresponding to one event are to be 
related to those associated with another separated in time, one 
or other set of signals must be stored in such a way that it is 
immediately accessible and does not deteriorate. It is possible to 
transform signals in such a way that all information of a similar 
character or relating to similar events will tend to fall into place 
in a storage register. Not much imagination is needed to realise 
that a machine combining all these characters in any consider¬ 
able degree and in a variety of modalities would behave in an 
extremely intelligent and purposeful way. It so happens that no 
one machine possesses them all, but that is only because so far no 
one has wanted it. 

Now one of the certain things about organic evolution is that, 
for one reason or another, the most efficient systems survive, 
and on examination these systems turn out to be not merely prac¬ 
tically convenient, but theoretically superior to other systems. 

In studying the brain it is profitable to consider how its func- 
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tions could best be performed, since there is a good chance that 
that is the way in which they actually are performed. Another 
generality is that rather few physiological phenomena are with¬ 
out physiological significance. The principle of parsimony ap¬ 
plies cumulatively in evolution. Combining these two premises 
gives promise of understanding how the electrical activity of the 
brain can be linked with the functions of the mind. If we con¬ 
sider first the main receptor system, the visual pathways, we are 
struck immediately by two of its characteristics : first, its combina¬ 
tion of high discrimination and compactness; second, by its 
propensity to generate large electrical rhythms. Even allowing 
for the highly successful miniaturisation represented by nerve 
cells and fibres, a point-to-point projection of the visual field 
right through to the integration centres would require more 
space than the largest animal could carry, and, moreover, would 
make exceedingly difficult the comparison of visual data with 
those from other senses 7 * 8 Now, as has been mentioned already, 
the same problem has been met and overcome in artificial 
devices by transforming signals derived from different parts of 
space into signals occurring successively in time. The process by 
which this transformation is accomplished is generally known 
as “scanning”; one example of such a system is a television 
transmitter, another is a line-scanning device which employs a 
system of error-operated positive feed-back. 9 It seems likely that 
in the course of evolution a principle so economical as scanning 
or space-time transformation would certainly have been “dis¬ 
covered”; therefore it is justifiable to look for evidence of such 
a process in the visual integration mechanisms of the brain. It is 
possible that this evidence has been staring us in the face for 
twenty years. 

The alpha rhythm, which even before he had ever seen it 
Golla felt must be of significance, has a number of peculiar 
properties. Best known is the tendency to die away when the 
visual mechanisms are most active. It also accelerates very 
slightly when the activity is only just above threshold. It occu¬ 
pies a limited area in the projection and association visual fields. 
It is usually complex and should really be spoken of in the 
plural. Its constancy may have disappointed Adrian, and indeed 
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its frequency cannot vary by more than io or 20 per cent., but 
within these limits it is quite sensitive not only to psychological 
but to biochemical and pathological disturbance. What are the 
alpha rhythms doing apart from entertaining the electroen- 
ccphalographer ? Now in the line-scanning instrument already 
referred to a spot of light is automatically constrained to follow 
any arbitrary curve, so that the shape of the curve is simul¬ 
taneously transformed into a voltage varying with time. The 
shape can be reproduced elsewhere by reconverting the voltage 
changes into deflections of a pen or light recording on a moving 
surface. This device then has one property of the brain, that of 
transferring visual data from one place to another. But as well 
as this it is gratifying to observe that when the machine has no 
pattern to scan it also bursts into oscillation, and, further, when 
it is presented with a pattern in the periphery of its field, the 
oscillations are not b ocked, but are slightly but definitely 
accelerated. 

On the basis of these premises and observations we may estab¬ 
lish the hypothesis that the prime function of the alpha rhythms 
is to scan out from the sensory areas the spatially displayed pat¬ 
terns of excitation corresponding to external events. The scan¬ 
ning, carried out continuously in a systematic manner, converts 
the excitatory patterns into a succession of nerve signals arranged 
on a time base. We may further hypothecate that subserving the 
function of recognition and imagination is an interlaced system 
of alpha rhythms presenting in rapid succession or simultane¬ 
ously signal codes corresponding to external events and those 
relating to remembered or imagined ones. From this interlaced 
display a further scanning can transform similarities or differ¬ 
ences and convey them to a still more remote integration centre. 
Implicit in this hypothesis is the existence of such processes in 
all sensory zones and the inclusion of thalamic nuclei together 
with cortex as the prime generators of the scanning rhythm. 

An interesting train of thought is evoked by this hypothesis 
since the mechanism depends not on pure negative feed-back, 
but on positive feed-back with a dimensional bias in order to 
provide for continual searching of the visual field. This is in 
contrast with the mechanism underlying, for example, the con- 
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trol of eye movements which serves to fix the eye rigidly on the 
object of attention. This latter is an elegant demonstration of the 
effectiveness of negative feed-back since the eye is held on its 
target with a deviation or wander too small to be detected with 
any but the most sensitive devices. A radar-controlled gun 
operates on the same principles and achieves the same order of 
accuracy in holding its target and hunting for minimum dis¬ 
tance between its shell bursts and the target. It does not, how¬ 
ever, continually search for targets, though it could be made to 
do so. The alpha scanning mechanism, on the other hand, with 
its vectorial feed-back, is a case of limited instability in a retro¬ 
active system; on the motor side such a condition would be seen 
as a marked tremor during rest, steadied by voluntary effort. 
The existence of such tremors and the presence of tremor dur¬ 
ing maximum voluntary muscular effort suggests that an analo¬ 
gous system may be involved in the cortical control of move¬ 
ment. There is a good correlation between the frequency of 
maximum effort tremor and alpha frequency in the same sub¬ 
ject, but the frequencies are not necessarily the same, nor do the 
amplitudes of the two rhythms fluctuate together. This partial 
correspondence accounts for the conflicting evidence on the re¬ 
lation between muscular tremor and the alpha rhythm. There is 
no rigid synchronisation of the two, but they probably spring 
from quite similar sources. 

A system with positive feed-back which is responsive to steady 
states tends to run away to an extreme position and stay there. 
The introduction of a differentiating network makes it respond 
only to changes and instead of the run-away, oscillations will 
build up. The frequency of the oscillation depends upon the 
time constant of the differentiating network. Mathematics of 
such systems are of more than theoretical interest, since they 
exist in many forms, for example when an appetite grows by 
what it feeds on, but each meal produces satiety. It would be 
well worth analysing any cyclic phenomena in these terms, 
whether it is boom-and-bust economics or manic-depressive 
psychosis In many naturally occurring examples a very slight 
change in the phase relations of the feed-back will make? it 
negative and the system will become dynamically stable; on the 
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other hand, limited positive feed-back is the system of choice for 
exploration and enterprise. In the case of the alpha rhythm a 
slight degree of narcosis or a considerable degree of fatigue first 
lowers the frequency by about 20 per cent.; at this point the 
phase relations are too far disturbed to maintain the rhythm, 
and the oscillations die away to the accompaniment of dis¬ 
ordered sensations and hallucinations. 

In order to test some of these hypotheses, experiments have 
been made, using the Strobe principle familiar in radar practice. 
In effect this involves rhythmic stimulation at a frequency com¬ 
parable with that of the supposed scanning rhythm; the whole 
visual field is illuminated by a bright light flickering at a con¬ 
trollable frequency; the changes both in subjective sensation and 
in the EEG. are recorded . 10 ’ llf 12 At very low frequencies each 
flash of light is seen as a separate event, and the EEG. shows a 
single evoked potential change in the occipital cortex. As the 
flicker frequency is raised, the subject begins to see things which 
arc not present in the stimulus, and the EEG. takes on a rhyth¬ 
mic appearance as the evoked potentials begin to fuse and over¬ 
lap. If the stimulation is done with the eyes closed, evoked 
potentials and alpha rhythms can often be seen together. When 
the flicker frequency approaches that of an alpha rhythm there 
is usually a pronounced change in the subjective sensations, the 
principal feature being the appearance of a mosaic or chessboard 
pattern, sometimes with a whirlpool effect superimposed. At 
this frequency the evoked potentials superimpose on the alpha 
rhythm, if one is present, and the two rhythms may beat 
together. Perhaps the most interesting of these observations is 
the chequered appearance of the visual field and the violent 
movement of its separate elements* since this is precisely what 
one would expect to see if a scanning rhythm were attempting to 
transform an excitation field uniformly stimulated at a fre¬ 
quency similar to that of the scanning rhythm itself. In some 
cases the imaginary component of the sensations is elaborated 
into impressions of bodily movement or of organised visual ex¬ 
periences of a bizarre and sometimes alarming nature. In some 
epileptics, stimulation of this type, synchronised with the cor¬ 
rect component of the resting EEG., can induce a characteristic 
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seizure; attacks of petit mal y grand mal> and myoclonic jerkings 
have readily been induced by these means. 

The experiment can be carried a step further by electronic 
synchronisation of the light stimulus with the evoked response. 
In these conditions an artificial feed-back system is set up. The 
feed-back can be positive, leading to marked subjective sensa¬ 
tions or convulsions in predisposed subjects; or it can be made 
negative by altering the phase relations between the evoked 
potential and the flash. In these conditions the first evoked 
potential releases a flash which comes either too soon or too late. 
If it is too soon the next response is smaller, and the next one 
smaller still, and the system rapidly becomes stable and inert. If 
the controls are set so that the flash comes much later, there 

is merely a succession of flashes and responses at a low fre¬ 
quency. 

Automatic frequency analysis of the records is essential to 

bring out the fine structure of the responses, which are often 

not much larger than the level of the random background dis¬ 
turbance. 

The inferences to be drawn from these experiments may be 
summarised: 1 2 3 4 * * 7 

1. Rhythmic physiological stimulation of the visual path¬ 
way evokes electrical activity not only in the visual areas of 
the cortex but also in remote regions of the brain when the 
frequency of the stimulus is appropriate. 

2. The frequency of the response in non-visual zones is 
often at a harmonic or sub-harmonic of the stimulus fre¬ 
quency and can sometimes be seen to be an amplification of 
one component of the resting rhythm of the area concerned. 

3. In certain circumstances the frequency of the response 
in the non-visual areas is the arithmetic difference between 
the stimulus frequency and that of an alpha rhythm. 

4. Wherever the evoked electrical responses appear in a 

• ^ projection area, there are also 

signs of physiological activity or disturbance of function in 
that region. 

5 - In certain subjects the evoked phenomena may take 
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the form of large-scale intellectual, emotional, or epileptic 
disturbances. 

6. When physiological or pathological activity is pro¬ 
duced in this way, it obeys the same rules and follows the 
same course as if it had been evoked by more usual means. 

7. Electrical and functional disturbances due to rhythmic 
stimulation may be either augmented or attenuated by 
simultaneous voluntary or suggested mental activity of ap¬ 
propriate type. 

1 he effects observed in pathological conditions are also of 
practical interest, but the theoretical implication of these ob¬ 
servations is quite profound, when it is recalled that the stimulus 
is a perfectly straightforward physiological one. It is the rhythm 
of the excitation which gives it power to set up apparently irrele¬ 
vant activity in other systems. 

Rhythmic stimulation of other senses can also evoke peculiar 
responses, as everyone knows—tickling and the tom-tom have 
been endowed with mysterious and even magical properties 
since the dawn of consciousness—but their effects upon the brain 
are harder to follow for a variety of reasons, not least because the 
cortical areas involved are so much smaller than those subserv¬ 
ing vision. 

The potent effects of rhythmic excitation support the alpha¬ 
scanning hypothesis outlined above; a large intermittent signal 
of this sort is precisely what one would use to jam an artificial 
device which included a scanning system, because not only 
would any other signal be masked; an entirely spurious set of 
messages would appear on the far side of the scanner. This may 
perhaps be better understood if we consider the effect upon the 
final picture of illuminating first a film studio and then a tele¬ 
vision one with a flickering light. 

A cinema film is simply a series of photographs, each of which 
is taken and projected as a whole with a standard exposure, at a 
rate of 16 or 25 frames per second. If the studio is illuminated 
with a light flickering at about the rate of the frame frequency, 
each flash being of relatively short duration, several things may 
happen, depending upon just what the relation is between the 
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moments of illumination and the exposures. If the exposures 
coincide exactly with the Hashes, the final projection will give 
no hint of anything unusual; if with the moments of darkness, 
there will be no picture at all. If the frequencies are slightly 
different they will “beat,” giving a slow fluctuation of under¬ 
and over-exposure. In no case will there be any “hallucinatory” 
effects. But in die case of the television picture the conditions 
are quite different, for here each frame is scanned in the camera 
and the scanning is reproduced in die receiver. If the light 
flashes occur when the scanning beam is, say, at the top right- 
hand corner of the frame, then only that region will appear 
illuminated; if the frequencies of frame and flicker differ slightly, 
the bright spot of illumination will appear to drift or dart over 
the screen—that is, an illusion of movement can be created by 
the combination of a flickering light and a scanning generator. 
Furthermore, the television signal between transmitter and re¬ 
ceiver will consist of the synchronising pulses and a few dots 
and dashes instead of the usual message train conveying half¬ 
tones, if intercepted it could easily be mistaken for a code signal 
of an entirely different type. In other words, the televisual 
system behaves very much like the neuro-visual one. The effect 
is rather less clear in the latter case because the retina assists the 
illusion of continuity with its considerable persistence, which 

holds each frame for nearly as long as it takes to be scanned but 
not quite. 

The conception of the alpha rhythms as scanning generators 
not only provides an explanation for this otherwise superfluous 
phenomenon, it also suggests an interesting series of experiments 

T e , relation between mental and electrical activity. If the 
alpha rhythm sets the frame frequency for perception we can 
understand at once the results of tachistoscopic experiments as 
well as the data on the perception of Gestalten; for no system is 
so well adapted to pattern-recognition and comparison as one 
with a space-time scanner. Returning to the fundamental propo¬ 
sition that the function of the nervous system is to transmit 
signals, we can appreciate the significance to neurophysiology of 
a statement made by Norbert Wiener; he suggests that informa¬ 
tion is negative entropy, that is a measure of the orderliness and 

77 



PERSPECTIVES IN NEUROPSYCHIATRY 

heterogeneity of the universe. So far as we know there is no 
engine in existence with a greater capacity for collecting and 
operating on information than the human brain; alone in the 
universe it opposes the drift toward random chaos. In the future 
instruments even more powerful may be invented on Earth or 
discovered in remote systems or galaxies. Such advances can only 
be made indeed, a general retreat can only be avoided—if to 
the study of these problems is brought as much intellectual and 
material power as is devoted to nuc ear physics. 

T he achievements of Golla and the experimental neurologists 
of his generation, working with the simplest imaginable equip¬ 
ment, will be an example and a challenge to the workers of the 
future whether their laboratories are caves or palaces. 
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THE CEREBRAL MECHANISMS OF 

INTELLIGENT ACTION 


By W. R. ASHBY, 

M.A., M.D., D.P.M. 

(Director of Research, Barn wood House, Gloucester) 

P HYSIOLOGISTS accept the working hypothesis that the 

brain acts as a machine. They have succeeded in clucidat- 
ing the nature of the mechanisms responsible for many of 

nar..re nP f ^ P Hmitlve actions, but to discover the 

has been more difficult: the material ,s more intricate and ti e 
concepts are more subtle. 

Among these “higher” processes a property fundamental 

hrou,h g °a a n SC r kmg ’■ ? seck With P crs ' s tcnce a few basic goaTs 
ough an almost infinite variety of circumstances, and by a 

fn spitTdf ffi^m '' anS T Th,S P r °P er T has remained unexplained 

n spite of the many discoveries of die last century which have 
rown light on the physiology of nervous action. Furthermore 
until recent years no purely mechanistic devices had been con 

^^ontrw S ^*' Sinlg P^P^^ S ^^^^rhose^endoned abwe 0 ^ 1311 ” 

,T t ssss r 

5SES 

the concepts and language o( the ^aboratorj™'ffit’ 
brain ,s only a machine is a question too complex to be discussed 

have bccn mad ' in 

some of these advances may bellied to the pEysSlogS prZ 
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lem and how this approach may lead to possible further develop¬ 
ments in our knowledge. 


THE NATURE OF FEED-BACK 


An important advance occurred with the recognition that to 
he “goal-seeking” a system must possess “feed-back.” 1 ’ 3 * 5 The 
idea is at least as old as Watt’s invention of the centrifugal gover¬ 
nor for the steam engine, but the establishment of its relevance 
to the nervous system was new and fundamental. 

One of the first criteria to be applied in deciding whether 
feed-back exists is that of a formation of a circuit. Thus, with 
the Watt’s governor, engine speed controls the spacing of the 
centrifugal weights. The spacing controls the throttle, and this 
in turn controls engine speed. So if we represent “A has an effect 
on B” by “A~*~B,” the system may be represented by the 
diagram : 


Speed of 
working of 
engine 

t 

Velocity of 
flow of steam 


> 


Position of 
centrifugal 
governor 

Position of 
throttle. 


Such a system clearly contains feed-back through the circuit 
shown above. 

That circuits with feed-back exist in the nervous system has 
been emphasised particularly by Lorente de No. 6 ’ 7 He has 
demonstrated histologically the widespread occurrence of 
neuronic circuits and has shown that in all parts of the nervous 
system, including the cerebral cortex, recurrent fibres or con¬ 
nections occur freely. In fact, he has enunciated as an empirical 
rule a “Law of Reciprocity of Connections” : that “if a cell com¬ 
plex A sends fibres to cell or cell-complex B, then B also sends 
fibres to A, either direct or by means of one internuncial 

y *G 

neuron. 

Thus Figure i, taken from his drawings, 6 shows some fibres 
traced within the trigeminal reflex arc. The circuits with feed¬ 
back are clearly traceable. 
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There are many examples, of course, of control arrangements 
which do not involve feed-back; such arrangements appear com¬ 
monly in physiological experiments which have been simplified 
so as to prevent the possibility of any circuit being formed and 
so obviate confusion in the results. Thus stimulation of a pos¬ 
terior root in a dog may elicit a reflex movement, but this move¬ 
ment is not usually allowed to influence the form or duration 



Fig. i (after Lorente de No).—Connexions within the trigeminal reflex arc. 
The arrows indicate the directions of the nervous impulses. The recurrent 
fibres are shown by solid lines; others are shown dotted. 

of the stimulation. So the system may be represented by the 
diagram: 

Events in the_^ Events in the_^ Events in the 

posterior root spinal cord effector organ 

and there is clearly no feed-back. 

But this arrangement for physiological research is not typical 
of the arrangement in the free-living animal. In natural condi¬ 
tions every movement of a limb promptly causes changes in the 
events at the posterior roots both by the kinaesthetic consequences 
of the limb altering its position and by changes in the stimula¬ 
tion coming from the sole of the foot. 
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If the movement occurred in response to stimulation by a 
noxious object like a sharp stone, then the movement would itself 
lessen or abolish the 
demonstrably present, 
by the diagram: 


Muscular 
contractions 

i 

Limb 

movements. 

(In tabes dorsalis this functional circuit is broken and the result¬ 
ing inco-ordination is due precisely to the loss of feed-back.) 

These interactions between nervous system and environment 
are of the simplest type, but the more complex interactions also 
involve feed-back. 2 “The whole behaviour of free-living organ¬ 
isms is based on the principle that it is the movements of the 
organism that have brought about stimulation” (Jennings 13 ). 
And this holds true up to the level where “the good player of a 
quick ball game, the surgeon conducting an operation, the 
physician arriving at a clinical decision—in each case there is the 
flow from signals interpreted to action carried out, back to fur¬ 
ther signals and on again to more action” (Bartlett 14 ). 

The living organism and its environment together form a 
system containing feed-back, 


Activities in 
motor centres 

. t 

Tactile and 
kinarsthetic stimuli 


stimulation. This being so, feed-back is 
for the arrangement may be represented 


THE CONSEQUENCES OF FEED-BACK 

The presence of feed-back in a system has a decisive effect on 
its properties, giving potentialities unavailable to a system devoid 
of it. Thus, it has now been established 1 ’ 3,5 that the difference 
between machines which are “goal-seeking” and machines 
which are not is identical with the difference between machines 
which do, and which do not, possess properly arranged feed¬ 
back. The term “goal-seeking” is meant here to carry no meta* 
physical implication but simply to describe systems which are 
observed to change towards some definite state or condition. A 
thermostat, for example, shows its “goal-seeking” property in 
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simple form when it persists in returning to a central tempera¬ 
ture (the “goal”) no matter how its temperature may be tem¬ 
porarily disturbed. Thus, the record of Figure 2 shows how the 
temperature of a thermostat varied under disturbance. 

Still more complex examples of feed-back arrangements can 
readily be adduced. The modern radar-controlled anti-aircraft 
gun, for example, ‘‘tries” constantly to keep itself aimed and 
fused so that its shells will burst near the target aircraft. This is 
achieved by a combination of feed-back circuits involving the 
radar indications firstly of the plane’s position and secondly of 
the position of the bursting shells. 

It appears from these examples that the old belief that a 
machine must act blindly and without regard to the conse- 



Fig. 2.—Record of temperature changes (solid line) in a thermostatically 
controlled water bath as the control setting (dotted line) was changed. 
A, B, C, D are disturbances in the temperature caused by the sud^den 
addition of hot or cold water. 


quences and must, for satisfactory operation, be subject to the 
detailed control of an operator is no longer completely true. 
Feed-back enables the machine to correct its own errors and such 
errors will not prevent its persisting in its attempt to achieve a 
certain object. So a system with feed-bacl\ can be both automatic 
and goal-seeding . There is no incompatibility. 


THE CRITERIA FOR STABILITY 

It is, however, conceivable that feed-back may be arranged in 
the wrong direction. In the example of the anti-aircraft gun, this 
would mean that the equipment would try to maximise the dis¬ 
tance between bursting shells and target and would behave as if 
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it were trying to avoid hitting the aircraft. Such feed-back is 
called, for technical reasons associated with the origin of the 
term, “positive,” while the previously described form is “nega¬ 
tive.” 1 Without further discussion it is clear that the use of posi¬ 
tive feed-back is likely to produce instability and in some cases 
oscillation of the object controlled. 

In the case of the Watt’s governor a reversal of a connection in 
its assembly might lead to a runaway acceleration. This would 
convert a mechanism which is actively self-preservative into one 
which is actively self-injurious. It is important to note that this 
is typical of such mechanisms. 

If, then, the brain’s goal-seeking behaviour is due to feed-back 
mechanisms, what factors can ensure that the mechanisms are 
properly goal-seeking and not injuriously unstable? The ques¬ 
tion has two answers which depend on whether the feed-back 
mechanism is inborn or whether it is developed during learning. 

1 he two will be discussed separately. 

Those feed-backs which depend on inborn genetic factors will 
be correctly arranged because natural selection will have elimin¬ 
ated all incorrect variations. This must have occurred, for 
instance, in the homeostatic mechanisms. 13 Thus, a lowering of 
the body’s temperature causes activities in the nervous system 
which result in shivering; and this, by its liberation of extra 
heat, causes the temperature to increase. This mechanism clearly 
possesses feed-back. Further, the feed-back is arranged so that a 
disturbance in the body temperature causes changes which ulti¬ 
mately oppose the disturbance. The system, therefore, resembles 
the Watt’s governor arranged correctly and the system is goal¬ 
seeking, the “goal” being the normal body temperature. Any 
animal in which the relation between body temperature and 
shivering is reversed so that shivering occurs most violently when 
the animal is in incipient heat-stroke has an obviously diminished 
chance of survival. Natural selection, then, is sufficient to 
account for the fact that every one of the homeostatic mechan¬ 
isms has its feed-back arranged with the correct sign. 

But what of the second question? In the higher animals and 
man, what factors will correct the signs of the many feed-backs 
which are built up in the individual by experience? What, for 
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instance, will correct those of the child who may have to learn 
to seek red meat but to avoid a red berry, to seek a red blanket 
but to avoid a red ember, some of the feed-backs being properly 
positive and others properly negative? They cannot be controlled 
in detail by natural selection on the gene-pattern for the reason 
that different children may need different sets of feed-backs. The 
details of the mechanisms must therefore be initially free, to be 
determined later by individual experience. How are the feed¬ 
backs, initially unsystematic, to be corrected? 

ft has recently been shown 9 ’ 10 that such a process of feed-back 
adjustment may be carried out simply and automatically. Fur¬ 
ther, there is strong mathematical evidence suggesting that a cer¬ 
tain basic method must be followed. 11 A full account cannot be 
given here, but the results may be sketched. 

It seems to be necessary that the nervous system must contain 
entides with the property that their changes occur suddenly 
from one constant level to another, the essential feature being 
the constancy of the possible levels. Variables with this property 
are called “step-functions” because, if the changes in time are 
plotted, the graph shows a step-like profile. The dotted line of 
Figure 2 shows such a form. 

Common examples of step-functions are the electric switch, 

whose resistance changes suddenly between very high and very 

low values, and the nerve fibre, whose excitation alternates be¬ 
tween “all” and “none.” 

The importance of these variables depends on the theorem that 
a suitable system which contains large numbers of step-functions 
may be capable of automatically changing its feedbacks until it 
reaches a correct overall feed-back, the process of change stop¬ 
ping when, and only when, a feed-back with correct sign 
occurs. ■ 10 This theorem is significant because it provides a 
simple possible explanation, plausible physiologically, of the 
method by which the brain of a young animal may automatically 
be changed from its initial unsystematic arrangement of feed- 

ad h t0 thC SyStematicall y correct feed-backs of the experienced 

In order to test this mathematically derived proposition, a 
machine which uses the principles of step-functions has recently 
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been built and the following description of its behaviour will 
illustrate what may be achieved. 


THE HOMEOSTAT 

I he Homeostat (Figure 3) consists of four Units which act 
and react on one another, the effects being shown by the side- 



Fig. 3.—The Homeostat. One of the needles is marked by the arrow A. 
The controls on the front panel of each Unit determine the actions 
which the other three needles have on that Unit, the actions correspond¬ 
ing to the arrows of Fig. 4. 


to-side movements of the four indicator needles pivoted on the 
tops. It is rich in feed-back paths, for if A, B, C and D are the 
four Units with every possible interaction occurring, then the 
system represented by the diagram of Figure 4 may easily be 
shown to contain twenty interlacing feed-back circuits. 

Each of the Units receives varying direct currents from the 
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other Units, while it also emits to the other Units a varying 
current. The currents arriving at any one Unit traverse coils 

around a bar magnet attached to the indicator 
needle, which is thereby deflected. A wire 
from the needle dips into a trough of water 
containing electrodes at each end, which con¬ 
tain a potential gradient along the length of the 
trough. The potential picked up by the wire, 
and varying as the needle is deflected, is fed to 
the grid of a valve, so controlling the anode current which con¬ 
stitutes the Unit’s output. This output current is then received by 
another Unit combining a similar circuit, and so on. The sign 
and magnitude of the effect of each Unit on each of the others 
can be preset by the operator. Built in are uniselectors, arranged 
and wired so that they will provide over 300,000 combinations of 
such settings for sampling purposes. 

These twenty interlacing feed-back circuits are the primary 
feed-backs determining the relations between the four needles. 
The machine may be regarded as an analogue of brain and 
environment if we regard some part of it, two of the Units, say, 
as being the “brain” which must adapt to the other two, repre¬ 
senting the “environment.” This it must do by finding those 
feed-backs which will make the system goal-seeking so that the 
needles seek the optimal, homeostatic or central positions. 

If the feed-backs are correctly arranged the needles will “seek” 
certain “goals”—/>., move towards the central positions, and 
will maintain themselves there, actively opposing any attempt 
at displacement. If forcibly displaced by mechanical means and 
then released, they return to the central position from either 
side, just like the thermostat of Figure 2. If we alter the value of 
the optimal conditions (in the equipment represented by alter¬ 
ing the value of an electric potential), the needles will follow the 
new value, just as the thermostat tended to follow the control 

setting, and as a cat might move nearer to a fire which has sunk 
low. 



If, however, the feed-backs are not correctly arranged then 
the homeostat can do more. For it contains secondary feed¬ 
backs, which are also goal-seeking, their “goal” being the bring- 
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ing of tlie primary feed-backs to those signs and values at which 
mey make the needles seek, and not avoid, the optimal goals, 
lhis is done by the large number of feed-backs randomly 
arranged in signs and values, carried on uniselectors, which 
change the main feed-back by a step-function jump if the needles 
should diverge to the extreme lateral positions. The result is that 
if an incorrect feed-back be in action the needles diverge to an 
extreme position (like an incorrectly assembled Watt’s governor) 
and the uniselector then changes that feed-back for another one, 
hunting through one random arrangement after another until 



Time->- 

Fig. 5. Line A records the behaviour of the needle of one Unit, its side-to- 
side movements being here recorded as up and down. A vertical stroke 
on U records a change of position of the uniselector. The D’s are dis¬ 
placements upward followed by release in order to test the system’s 
stability. At R, and R a the wiring of part of the feed-back circuit is 
reversed in polarity. The dotted lines are the critical level at which the 
uniselector changes to a new constant feed-back value. 

a suitable feed-back occurs. Once found, this is retained; and the 
machine will then demonstrate the ordinary goal-seeking proper¬ 
ties of correctly arranged feed-back. 

The record of Figure 5 is a typical tracing. For simplicity only 
one Unit is recorded here. At first the system is stable—/>., goal¬ 
seeking—as shown by its return to the central position after dis¬ 
placement (the upstroke of D,). At Rx the operator reversed in 
polarity part of the feed-back wiring, making the feed-back posi¬ 
tive and the system unstable. It is now like the Watt’s governor 
with reversed action. As a result, “runaway” movement of the 

needle develops, and this, so long as it lasts, causes uniselector 
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changes. The first new arrangement, in conjunction with the 
altered wiring, fails to correct the wrong feed-back, but the 
second succeeds and the needle moves back to the central posi¬ 
tion, its new stability being demonstrated both by this return 
and by its return after the displacement D 2 . This restoration of 
stability demonstrates that the machine has made changes in the 
uniselectors which have corrected the previous reversal of wiring. 

The whole process is repeated after R 2 . This time the first new 
uniselector position is successful and is retained. 

The homcostat, therefore, will see /( its goal in spite of a feed¬ 
back setting initially incorrect, for it will alter such an incor¬ 
rect setting to a correct one. 


ADAPTATION MECHANISMS 

A remarkable property of the nervous system is its ability, 
after certain injuries or manipulations, to develop a new organ¬ 
isation readapted correctly in function, though the anatomical 
conditions of its functioning may have been altered essentially, 
or even reversed. There have been many demonstrations of this 
property, one of the earliest being that of Marina. 16 He crossed 
the internal and external recti muscles of the eyeball in apes and 
found that, as soon as the wounds were healed, the eyes moved 
so as to maintain normal binocular vision. M^ore recently 
Sperry detached the insertions of the flexors and extensors in 
the arm of the spider monkey and refixed them in crossed posi¬ 
tion so that they worked with reversed effect. He found that the 
arm movements, at first inco-ordinated, became progressively 
better co-ordinated until an approximately normal mode of pro¬ 
gression was re-established. r 

The same property is shown by the homeostat, which can re¬ 
verse the feed-back connections by uniselector action : this is 
illustrated by Figure 6, which is a record typical of such a 
change. At first the system is stable, as shown by the test dis¬ 
placement at D 1# At R x the operator reversed a connection 
between 2 and 1 and so reversed the effect of 2 on 1. After a 
“runaway” and two trials, stability returns. It has been achieved 
by a second, compensatory reversal occurring in the uniselector 
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which controls the action of i on 2. That the effect of 1 on 2 is 
actually reversed is shown by the result on 2 of the displacements 
at D, and D 2 . 1 he joint effect of two reversals restores the initial 
stability. After R 2 the whole process is demonstrated again. 

The reaction of the homeostat to change, it will be seen, 
resembles the adaptation of brain to environment in that, if the 
wiring in the “environmental” part be altered so as to present 
the “brain” part with a new arrangement, to which the old feed- 



I"io. 6.—The movements of the needles of two Units are recorded by lines i 
and 2. A vertical stroke on U iecords a change of uniselector position. 
The D’s are upward displacements of Ts needle followed by release. The 

effect 2->- 1 is reversed by the operator at R, and again at R 2 . The 

effect 1->- 2 is controlled by the uniselector. 

back is no longer appropriate, then the “brain” part will 
abandon that feed-back and will start to hunt till it finds a new 
feed-back which gives the appropriate goal-seeking behaviour. 

It should be emphasised that the machine has been constructed 
not simply to respond to reversals in the feed-back circuits, but 
rather so that it shall find some answer to any variation which 
can be imposed on it. Thus, various other “problems” have been 
set it, some of them devised only after its construction had been 
completed. As an illustration we will describe what happened 
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when the machine was set the “problem” of finding a feed-back 
which would give proper goal-seeking behaviour when two of 
the needles were joined by a light but stiff glass fibre which, 
while not fixing them, forced them to move together. Though 
the machine had not been designed with this particular arrange¬ 
ment in view, yet within a few seconds it found an appropriate 
feed-back which made proper allowance for the peculiarities of 



Time 

th ri e f7 po f slt,on - J he D ’ s ar e displacements followed by release § At I 
removed S 1 ^ 2 are C °" nected At R the" connexion ,! 

‘m *1™™' Th ' CVeMS °‘ “ typical "P' rim ™ are 

,K In c? 1S exam P le *7 system, as before, was initially stable. At I 
the fibre was placed to link the needles of Units i and 2 and 

instability results. Nevertheless, because the machine is capable 

hat such a solution exists, stability is restored. That thf new 
feed-back achieves stability by acting in conjunction with the 
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new conditions is shown by the removal of the fibre at R, and 
we see that the system again relapses into instability. 

This description of the experimental homeostat shows that it 

has some properties which are quite unusual in machines. We 

have now to make more clear the possible relationship between 

these properties and the cerebral mechanisms of intelligent 
action. 

If we are to examine the behaviour and construction of the 
homeostat and to make comparisons with the brain, we must 
distinguish carefully between those characteristics which are 
essential and those which are included as a matter of convenience 
in construction. It is evident that the valves, magnets and other 
components in the machine have no counterpart in the brain; 
but they are not essential constituents. A similar machine could 
have been made, with more difficulty, from mechanical levers 
and gears, or even hydraulic pistons and taps. 

The essential features of the homeostat are four in number, 
and none of these requires a property which is, to our know¬ 
ledge, impossible in the brain. 

Firstly, the homeostat must be actively dynamic—that is to 
say, it must be supplied with abundant free energy so that part 
acts on part, not by forcing a reluctant action, but by releasing 
a flow of energy and a free movement. This first requirement is 
clearly in no way foreign to the nature of the brain, for during 
the last fifty years its dynamic nature has been increasingly 
revealed. 

Secondly, an essential requirement of the homeostat is that it 
possesses feed-back. That the brain also possesses this property 
in its interaction with the environment was mentioned earlier. 

Thirdly, the homeostat must contain many step-functions, 
and, fourthly, the critical states which determine whether or 
not a particular step-function shall undergo a change of value 
are always to be similar. These last two properties are grouped 
together because they refer to the same physiological entities. 
They deserve a fuller discussion than can be given here, but we 
may at least say that the brain must be capable of undergoing 
small sudden changes if its activities lead it into a situation which 
results in intense stimulation. Though this property has hitherto 
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received little direct attention, it can hardly be rejected as im¬ 
possible. 

1 his brief discussion, then, suggests that the homeostat is 
neither arbitrary nor irrelevant, but that by its action it illus¬ 
trates a fundamental principle which may well be used by the 
brain itself. 


CONCLUSION 


A possible exposition of some of the principles governing 
cerebral function has here been suggested, but much work re¬ 
mains to be done. We are, for a start, faced with the fact that we 
do not yet know to what physiological factors these principles 
relate. If we accept the suggestion that the cerebral cortex, in 
common with the mechanisms we have discussed, requires to be 
provided with many step-function variables, we are still unaware 
of the form these may take. They may, perhaps, be steps as small 
as those involved in the quantum jumps of key electrons in bio¬ 
chemical substances or as large as the “all or none” response of 
a whole network of neurons. 0, 21 

Furthermore, there is the probability that the brain resembles 
more closely an intricate network of homeostatic mechanisms 
rather than any such simple machine as has been described It is 
known that the property of “threshold” is of fundamental im¬ 
portance in its effect on the interaction between such systems 
and again more detailed knowledge is required. 

In this connection arises also the possibility that the goal of 

one system may be incompatible with that of another, to that 

feed-backs working in opposition may cause the system to fall 

into confusion. Further knowledge of this aspect might have 

applications to psychiatry.-- - That changes in neuronic feed- 

back can be of psychiatric importance has been shown clearly by 

Grey Walter and his colleagues, 23 who have demonstrated that 

alterations in the feed-back relationship within the nervous 

system can produce not only unusual symptoms but abnormali¬ 
ties as gross as an epileptic seizure. 
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T O examine a psychotic patient is to be reminded of a great 
many questions which need to be answered. How do we 
achieve insight? How do our minds form pictures of the 
outside world, and why may the pictures formed by the 
psychotic differ from those of other people? What are the char¬ 
acteristic changes in the brain in anxiety and depression? What 
are the sources of “drive,” and what determines the fleeting 

locus of consciousness as it glides ceaselessly from one thought 
to the next? 


To the biochemist these questions immediately suggest a fur¬ 
ther series of problems of a kind which might be tackled along 
more specifically biochemical lines. The electrical potentials of 
the brain must have an ionic—i.*., a chemical-basis and, view¬ 
ing the brain as a system of electro-chemical oscillators, one may 
ask what are the chemical reactions underlying the electrical 
rhythms of the brain? What again are the factors in the bio¬ 
chemical milieu which determine the excitability, grouping and 
balance of the oscillating system? What is the function of acetyl 
choline, and how are the dramatic effects of strychnine and mor¬ 
phine produced? What enzymes does a nerve cell contain, and 
how are the enzymes distributed between the nucleus, cytoplasm 
and plasma membrane of the cell? What is exhausted in states * 

of mental exhaustion,” and what are the processes of chemical 
repair which necessitate sleep? 

The list of problems awaiting biochemical investigation could 
be extended indefinitely. They range from the practical clinical 
questions arising from the treatment of mental patients to 
fundamental problems in psychology, and in the physiology his- 
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tology and pathology of the nervous system. So numerous are 
these avenues for research that whole generations of biochemists 
could scarcely exhaust them. They are not all of equal promise, 
however, for here, as in every other field, there are plenty of path¬ 
ways which experience has shown to be relatively unprofitable. 
7 he real problem is that of distinguishing between them, assess¬ 
ing their relative merits and deciding in which direction to 
expend our resources so that the results will have a maximal 
bearing on the major problems in the field. Here, as elsewhere, 
“the chief problem in research is the choice of a problem.” 


CHEMICAL PATHOLOGY 

Idle present applications of biochemistry to clinical psychiatry 
are well known and need no emphasis. The biochemical labora¬ 
tory is now accepted as an integral part of the mental hospital, 
and the examination of urine, blood and cerebrospinal fluid 
plays a useful, if modest, role in the investigation and treatment 
of our patients. A few such laboratories are equipped for inves¬ 
tigations of a more ambitious kind and can carry out estimations 
on substances such as thiamin or 17-ketosteroids, but in too 
many hospital laboratories the highest limit of achievement is 
still represented by the old blood urea and blood sugar estima¬ 
tions. There is in fact a great deal of room for technical improve¬ 
ment. Advances in this direction have certainly been made, but 
there is still a need to close the gap between the advanced bio¬ 
chemistry of the leading research laboratories and the kind of 
biochemistry which has so far found its way into the field of 
clinical investigation. This may be achieved as the provision of 
higher paid posts attracts workers of higher calibre into the hos¬ 
pital laboratory and as the increased prominence given to bio¬ 
chemistry in the medical curriculum encourages more clinicians 
to take a serious interest in the possibilities of biochemical re¬ 
search. 

There is still room for further work on the levels of biochemi¬ 
cal substances (and particularly those of more recent interest) in 
the excreta and body fluids in mental disease; but more promis¬ 
ing perhaps than the measurement of static levels is the dy 7 iamic 
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approach. By this is implied the application of tolerance tests for 
measuring the patient s ability to cope with biochemical stresses 
of various kinds. 1 ests like the urea clearance and glucose toler¬ 
ance tests have made a useful contribution to our knowledge, 
but more might be done by the application of tests which have 
a more direct bearing on the problems of mental disease. The 
amine oxidase function test may be given as an example which 
is now being applied to the investigation of mental patients. The 
method consists simply of injecting a known quantity of amine 
and following the rate at which it is eliminated from the blood, 
as an indication of the patient’s ability to detoxicate amines. 1 It 
should not be hard to develop other tests of a similar kind for 
testing the function of enzyme systems in the body in mental 
disease, and such investigations will be particularly useful 

where they can be correlated with phasic changes in the mental 
state, as in periodic catatonia. 

A recent development of some promise is the application of 
biochemical methods to brain biopsy material, which can now 
be obtained directly or during the prefrontal leucotomy operation. 

I his approach has the advantage that the material is fresh and is 
derived from the organ most directly involved in mental disease; 
but the smallness of the specimens adds to the difficulties of bio- 
c emical work, the parts available are very limited, and it is not 
easy to get normal controls. For these reasons the biochemical 
investigation of fresh autopsy material still appears to be a more 
fertile field for research. Here the studies of Winifred Ashby, 2 
on the distribution of the enzyme carbonic anhydrase in 
different parts of the brain in mental disease, point to a field of 
particular premise in which relatively little has yet been 
attempted. This field of biochemical topography of the brain 
would appear to have possibilities for development in several 
directions. We need information not only about the distribution 
ot enzymes but of the nucleoproteins, of the various lipid frac- 
ions, and of a great many other biochemical substances occurring 
n the brain. Their distribution should be studied throughout 

bnsM anOUS i Cyt0 l rch , lteCtUral re S ions of the cor tex, as also in the 
asal ganglia, the hypothalamic nuclei and other regions of 

P oal interest. The application of ultramicro-methods and his- 
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tochcmical procedures can extend the study into the different 
cellular layers. 

I he types of mental disease which can be studied by such 
methods are clearly very numerous. Pope 5 and his co-workers at 
Montreal have reported an increased cholinesterase activity 
in epileptogenic regions of the brain in humans and in 
monkeys : the enzyme distribution corresponded with the areas 
giving epileptiform electrical discharges as shown by the EEG. 
Such observations are suggestive. Is it too speculative to ask if 
the balance of enzymic activities in the prefrontal regions is 
normal in the chronic obsessional, for example? Or, again, are 
the enzymic activities normal in the hypothalamic nuclei of the 

schizophrenic? 

"1 he biochemist can hardly view the many problems in this 
field without a sense of urgency in feeling how much there is to 
be done, in our present state of ignorance of the fundamental 
nature and causation of mental disease. It is a curious reflection 
on the organisation of our research potential that in schizo¬ 
phrenia, which is perhaps the biggest single problem in the 
whole of medicine, we still have practically no quantitative data 
on the biochemical composition of the brain—no quantitative 
data on the distribution of the lipids, nucleoproteins, or most 
other substances of biochemical interest. Such information might 
well reveal the existence of biochemical lesions which would 
greatly change our present ideas on the nature of the disease. 

1 here are, of course, difficulties to be overcome in this type of 
research, one of which is the organisation of an efficient service 
for the rapid collection of autopsy material, so that it can be 
brought to the laboratory at the earliest possible moment. For 
the examination of enzymes we must select systems which do 
not undergo rapid post-mortem change, and this applies to other 
unstable compounds as well. The work is also laborious. Brod- 
mann described sixty distinct cytoarchitectural areas of the cortex 
and the Vogts brought the number up to 200. 

The number of biochemical substances which might be deter¬ 
mined is immense. One soon comes back to the fundamental 
problem : which areas are we to select for examination and 
which biochemical estimations are we to apply? The truth is 
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that we have very little to go on in the way of indications. Pro¬ 
gress in the study of mental disease is held back and severely 
imited by our ignorance of the fundamental underlying 
mechanisms. At present our attempts at unravelling the chemi- 
cal pathology of mental disease are little more thanshots in the 
dark. These may sometimes be lucky, but on the whole it is a 
wasteful procedure, and too much time and money has been 
wasted in the past in looking for quick results instead of work¬ 
ing tor ^ deeper understanding of the whole problem. Psychia¬ 
trists are sometimes impatient of the kind of research which does 
not aim at any direct application to the problems of mental 
disease. Their attitude is understandable, but nearly all the big 
advances in medicine have come from fundamental research. 
Further research on the clinical and pathological problems is 
certainly needed, but at the same time there is also an urgent 
need for the fundamental research on which the hopes of^eal 
progress must ultimately depend. 


THE CONTRIBUTION OF BIOCHEMISTRY TO MENTAL SCIENCE 

It has been argued by those who are critical of the scientific 

approach to the study of the mind that the different branches of 

science often lead to divergent and contradictory conclusions— 

that science speaks with many languages.” Unfortunately this 

criticism is often true—sometimes in a literal as well as in a 
figurative sense. 

Strictly speaking, science is a single entity : the subdivision of 
science into separate branches is a matter of convenience based 
on human limitations, which makes it increasingly difficult for 
any one person to compass the whole range. It seems a long way 
back to the days when it could be said that the Bachelor of 
cience knew some and the Doctor of Science knew all, or to the 
times when a man such as Goethe could do effective research in 
anatomy physics, geology and botany as a part-time diversion 
from his literary and other activities. To the savants of those days 
it might have seemed strange that today a university professor 
could listen to a series of discourses from his fellow-professors on 
subjects as varied as nuclear fission, anthocyaninsf polyploidy, 
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wave mechanics or Gestalt psychology, without understanding 
more than a few words of any of them. This is not merely a 
matter of the unnecessary use of specialist jargon, much as that 
is to be deplored, but of the amazing growth of the whole range 
of science, which has now developed to a point at which the 
integration of its many branches has become practically a branch 
of science in itself. In the past this task of linking up the sciences 
was left mainly to die philosopher; but the results were unsatis¬ 
factory, for he was generally more interested in other things, and 
in any case he often lacked the scientific equipment necessary 
for the purpose. Yet, as fresh knowledge accumulates in every 
field, this work of integration becomes increasingly important. 
It is essential to pause from time to time, away from the clamour¬ 
ing demands of the laboratory and ward, to take stock of our 
position, to ask where it is all leading and what it all means. 

Specialisation may have helped to speed up progress along 
certain narrow pathways in science, but it may well be asked 
whether at the same time something of value has not been lost. 
The departmentalisation of science which has at times allowed 
the devotees of special branches to pursue their individual in¬ 
vestigations in a state of virtual isolation, out of contact with 
the main currents of thought in other fields, has led to serious 
confusion and loss of perspective. Nowhere is this more ap¬ 
parent than in the field of mental science, where too often the 
different approaches, instead of complementing and broaden¬ 
ing each other, have resulted in futile rivalries and misunder¬ 
standings. Mechanisms of limited application, such as auto¬ 
intoxication, focal sepsis and, one may add, the mechanisms 
of Freudian psychopathology, have been credited by their 
adherents with a quite unwarranted universality. Psychiatry, 
which should be based on the broadest possible view of science, 
has tended at times to be narrowed down to the pursuit of rival 
forms of the “nuciform sac.” 

Any considerable event in the life of a human being must 
have both physical and psychological concomitants, which are 
in no way incompatible and which may be expressed in a 
number of different ways as different aspects of the same psycho¬ 
somatic process: but how are we to explain the marked differ- 
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ences that individual investigators often show in the import¬ 
ance they assign to these different aspects? Some people seem to 
have a special propensity for seeking things in a mathematical 
way: they like to express the phenomena of life in terms of 
statistics and they find a mathematical relationship satisfying as 
an explanation ” Some have a preference for explanation in 
terms of physical factors, such as electrical frequencies, while 
others find only the anthropomorphic interpretations of psycho¬ 
pathology really satisfying The bias of the biochemist is naturally 
towards such metabolic functions as respiration, endocrine 
action and nutrition : those who share this viewpoint find it 
hard to be wholly satisfied with any explanation which ignores 
the underlying biochemical changes operating in any biological 
system. This may be partly a matter of training and expediency. 
1 he clinician, for example, may find that the demonstration of 
a metabolic defect, such as a vitamin deficiency or an endocrine 
imbalance, can be helpful from the point of view of treatment 
Yet there seems to be more to it than that. These various ways 
of looking at a psychosomatic process are all of similar validity 
and one may suspect that we are influenced by forms of bias 
depending in part on our individual mental endowment and 
personality. The reasons why different individuals vary so 
greatly in die significance they attach to the different viewpoints 
would appear to merit further investigation: but the basis of 
such value judgments” is a problem which has already been 

rC< vin niSe ° m Ph'l° s °phy as a hitherto unsolved puzzle. 4 

Whatever may be the reasons for it, the present departmental¬ 
isation in mental science is a hindrance to progress, and there is 
now an urgent need for the reintegration of the scattered 
branches of knowledge which have a bearing on this field. In 
place of the old question of whether a condition is physiogenic 
or psychogenic in origin, we need a firm basis for the quantita¬ 
tive evaluation of how much the various physical and^ psycho¬ 
logical factors are concerned. We need to know, as far as pos¬ 
sible in quantitative terms, the relationship between the endo¬ 
crine and psychological changes of the adolescent: between the 
electrical dysrhythmia and impulsive behaviour of the aggres¬ 
sive psychopath: between the electro-chemical and histo- 


IOI 



PERSPECTIVES IN NEUROPSYCHIATRY 

anatomical structure of the brain at all ages—in fact, between 
all the physical and mental factors which can be assessed. 

In this task of linking up the data from different fields of 
observation biochemistry has special opportunities. Being itself 
a hybrid between pure chemistry and the biological sciences, 
from which it derives much of its inspiration as well as its ex¬ 
perimental material, biochemistry has many points of active 
contact throughout the field. Anatomy, histology, physiology, 
and even psychology in its more somatic aspects, have all made 
use of the stock-in-trade of the biochemist—his experience of 
the properties of enzymes, proteins, lipids, carbohydrates and 
their intermediates. The same factors which have made bio¬ 
chemistry the handmaiden of the biological sciences, at the 
general service of them all, have also put it in a particularly 
advantageous position to assist in the unification of their many 
divergent viewpoints. It may be that biochemistry will con¬ 
tribute as much in this way to mental science as in the applica¬ 
tions which may be expected to come more directly from bio¬ 
chemical research. 


DIETARY FACTORS AND DRUGS AFFECTING THE BRAIN 

The way in which the biochemical approach has helped in the 
linking up of separate fields of research may be illustrated by 
some examples from the study of nutrition. This is one of the 
oldest applications of biochemistry, but here, as elsewhere, there 
is still plenty more to be done. The study of the relationship of 
vitamin B, to pyruvic acid oxidation gave a clue to the origin of 
the mental symptoms in beri-beri: this has now led to an appli¬ 
cation of some interest in the use of vitamin B, deficiency as a 
method of producing experimental neurosis in human subjects. 5 
Volunteers living on a B ,-deficient diet are observed to become 
depressed, irritable and quarrelsome, with a falling-off in 
manual dexterity and development of inattentiveness to detail 
in their work. As is to be expected, the form of the neurosis 
depends on the previous personality of the subject. In some, the 
most prominent symptoms are anorexia, lassitude and fatigue, 

the picture resembling that of anorexia nervosa. Some become 
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markedly hypochondriacal, while others develop the breath¬ 
lessness on exertion, palpitations and precordial pain which arc- 
seen in neuro-circulatory asthenia or “effort syndrome.” Re¬ 
covery is rapid and complete when vitamin B, is administered, 
with or without the knowledge of the subject. It would be of 
interest to know how far the psychopathology of such experi¬ 
mental neuroses conforms to the classical types. 

A new problem in nutritional research has recently been raised 
by the demonstration that a form of canine hysteria can be pro¬ 
duced by feeding “agenized” flour to the dog/' There are plenty 
of instances of the production of neurological symptoms by toxic 
substances, as in the story of “Jamaica ginger,” but it came as a 
surprise to many that severe cerebral symptoms could be pro¬ 
duced by feeding an article of food so widely used. The effect 
has been traced to the action of nitrogen trichloride, which is 
used by the millers as a “flour improver,” and which reacts 
with the methionine of the wheat protein in the flour/ It may 
well be asked whether such toxic factors play a part in any of the 
conditions commonly seen in man and whether the processing 

of flour and other foods with powerful chemicals is entirely 
tree from risk. ’ 

It is still too early to assess the significance of the clinical 
effects reported to be produced by glutamic acid on the perform- 
ance of psychological tests by children and the solving of mazes 
by rats T he work started with biochemical experiments on the 
metabolism of brain slices, which were found to have a special 
capacity for oxidising glutamic acid/ This led to the suggestion 

Thr T ng ? luta T ,c a< ? ld as a treatment for petit mal epilepsy. 
The parents and teachers of a group of mentally defective chil¬ 
dren receiving this treatment reported an apparent improve¬ 
ment in general intelligence, which was confirmed by intelli¬ 
gence tests. If this work receives further confirmation it should 
open up another new field for investigation. 

Studies have recently been made on the production of 
psychoses in malaria patients as a result of treatment with the 
anti-malarial drug atebrine. 1 " The incidence of psychoses was as 

of the psychosis depended on the previous personality P 0 f the 
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patient: manic reactions tended to predominate, with a schizo¬ 
phrenic reaction in about 30 per cent, of those affected. The 
action of the drug in producing a schizophrenic psychosis clearly 
differs fundamentally from the temporary “schizomimetic” 
action of mescaline: but further work is needed to clarify the 
biochemical mechanisms by which drugs of this kind produce 
their effects on the brain. 

BIOCHEMICAL CORRELATES OF PERSONALITY 

The study of the relationship of body-build to personality has 
advanced considerably since Kretschmer’s time, and there is 
now good evidence that body-build is a factor which can be 
correlated with the tendency to develop certain types of 
psychosis. 11 Patients with manic-depressive psychoses tend to be 
short and broad (pyknic), while schizophrenics are predomi¬ 
nantly asthenic or leptosomatic in build. 

J 

Body-build depends on the balanced interaction of a number 
of different biochemical growth factors, of which some are 
nutritional and some are constitutional in character. These 
factors operate from the earliest stages of embryonic develop¬ 
ment until growth and maturation are complete. The time and 
order at which they come into operation are important: experi¬ 
mental work on the pig has shown that short fat animals can 
be produced at will by initial under-nutrition followed by ample 
feeding, while long lean pigs are produced by the reverse pro¬ 
cess. This is understandable, since the initial undernourishment 
leads to maturation with limited skeletal growth, while the 
reverse process of ample feeding at the start leads to initial 
skeletal growth with a relative increase in the length of the long 
bones. 

The constitutional or genetic factors determining bodybuild 
must include the endocrine “growth factors” of the hypophysis, 
which are really concerned with general cell metabolism and 
not specifically with growth. These do not operate in a con¬ 
tinuous static manner, but as a succession of humoral stimuli, 
which develop as the appropriate genes come into action and the 
different systems of the body mature. The factors determining 
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the pyknic body-build are of particular interest to the psychia¬ 
trist in view of their apparent inhibitory action on the develop¬ 
ment of schizophrenia, and further information about the hypo¬ 
physeal “growth factors" would clearly be useful from a thera¬ 
peutic point of view. This information may be obtainable when 
rapid chemical methods of assaying the different hormones have 
been developed to a stage at which large numbers of accurate 
determinations can be carried out in a reasonable time. In view 
of the close functional relationship of the hypophysis to the 
hypothalamic centres and the extensive clinical evidence of 
hypothalamic dysfunction in the schizophrenias, it would not 
be surprising if further investigation along these lines helped 

materially to clarify the relationship of schizophrenia to body- 
build. 

Besides quantitative data on the endocrine factors, further in¬ 
formation is also needed about the biochemical changes in the 
brain and other tissues associated with the processes of growth, 
maturation and ageing. We know in general terms that there 
are changes in the collagen and water content of the brain as 
also in the enzymic activities and other factors, but no really 
comprehensive investigation along these lines has hitherto been 
made. Here mental science stands to gain from the recent 
interest in research on gerontology; it has not been generally ap¬ 
preciated that information about the processes of ageino- is 
needed not only in the study of the senile psychoses but also in 
those occurring earlier in life. It is an old clinical observation 
that schizophrenia of the dementia preecox type has a relatively 
sharp age incidence: a high proportion of cases start in the ten 
years between the ages of seventeen and twenty-seven. It would 
be of real value in considering the artiology of the condition to 
know more about the organic changes in the tissues during this 
period of life, when the tendency to develop a schizophrenic 
psychosis is particularly great. 

The existence of specific personality types such as “the peptic 
ulcer type, which are specially prone to certain types of illness 
has long been recognised in general medicine, and investigators 
working on psychosomatic medicine have recently described a 
number of other personality types associated with diseases such 
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as asthma and tuberculosis. Unfortunately these personality 
types are as yet so ill-defined that many of them are unconvinc¬ 
ing : but here again quantitative biochemical data on factors 
such as chlorhydria, histamine response and hormonal levels 
could give greater precision in defining the constitutional type 
and in elucidating the psychosomatic mechanisms involved. It 
may be possible to go further than this, for recent work in the 
field of physiological psychology has led to attempts to define 
the relationships of “instinct’’ and “drive” to the underlying 
biochemical potentials of the body. 12 

1 he electrochemical characteristics of cerebral activity revealed 
by the electroencephalograph may also be used for showing con¬ 
stitutional differences between different individuals: there is 
considerable individual variation in the response to over-breath¬ 
ing, for example, as well as in the normal EEG. pattern. 
Attempts have already been made to use the blocking of the 
alpha rhythm by visual imagery as an index of personality 15 and 
Hill and Watterson’s observations on the theta rhythm promise 
to help in the definition of the clinically ill-defined group of 
aggressive psychopaths. 11 However, the presence of dysrhythmia 
alone is not enough to account for psychomotor or epileptic 
seizures, for gross dysrhythmia is found in a considerable pro¬ 
portion of the apparently normal relatives of patients with 
dysrhythmia. Something besides dysrhythmia is needed to 
account for the occurrence of seizures, and here it may be hoped 
that further biochemical studies will add to our knowledge. A 
good deal has already been done in studying the effect on the 
EEG. pattern of biochemical factors: these include the pH, 
blood sugar level, oxygen tension and hydration. Numerous 
drugs have also been examined in this respect; but there is a 
need for more fundamental research on the basic biochemical 
factors determining cerebral irritability and central excitatory 
states. 

The genetic factors associated with personality are still very 
little understood. It has been claimed that schizoid individuals 
are heterozygous carriers of defective genes expressible in homo¬ 
zygous form as a schizophrenic psychosis. 15 Clinically the 
schizophrenias are seen as a group of psychoses varying widely 
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in mode of onset, course and prognosis, so that attempts to 
ascribe them to the action of a single gene are unconvincing : 
but the probability of a schizophrenic psychosis developing 
in any individual increases greatly with increasing closeness of 
blood relation to a schizophrenic, so that whatever the precise 
mechanism may be, it is evident that genetic factors are impor¬ 
tant. It appears reasonable to take the current view that a pre¬ 
disposition to a schizophrenic psychosis depends on a group of 
genes, of which the expressivity is determined by numerous 
genes of small effect in the general genotypic milieu. 

If the genes are viewed as the jigs or templates determining 
the enzymic make-up of the cell,"' it should be theoretically pos¬ 
sible to identify the various predisposing and inhibitory factors 
concerned in mental disease by investigation along biochemical 
lines. It is obvious that such work would not be easy, but if it 
should appear too speculative, it may be pointed out that the 
idea of looking for a genetic blood factor such as the rhesus 
agglutinogen in erythroblastosis would also have appeared 
speculative a few years ago. Biochemical tests have now been 
found for detecting a number of the genes in man, 16 and it need 
hardly be said how important from the point of view of pro¬ 
phylaxis would be a biochemical method of identifying the 
heterozygotic and unexpressed homozygotic carriers of the 
genes predisposing to schizophrenia. The work on phenylketo- 
nuna illustrates the way in which the genetic approach can be 
aided by the development of a simple chemical test by which 
the condition can be recognised with certainty. Although the 
clinical evidence indicates that in the schizophrenias we have to 
deal with something a good deal more complex than phenyl¬ 
ketonuria, Gjessing’s observation of nitrogen retention as a 
metabolic defect in periodic catatonia encourages the belief that 
biochemical methods might also help in the study of the genetics 
and hence the prophylaxis of schizophrenia. 


FUNCTIONAL METABOLISM OF THE BRAIN 

Research on tissue metabolism has now advanced to a stage 
at which we can begin to speak with some confidence about 
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many phases of the carbohydrate, lipid and protein metabolism 
of the brain : but there is an increasing need to bring this bio¬ 
chemical knowledge into closer relation with what we know 
about the functional activity of the brain in life. Our under¬ 
standing of the biochemical changes associated with different 
mental states is still extremely limited, and this is a serious gap 
in our knowledge. 

The processes of thought are fleeting and subtle; but should 
we assume that the associated biochemical changes must be 
equally evasive? It has been shown that far from being meta- 
bolically inactive, the brain possesses powerful enzyme systems 
and metabolic potentialities comparable to those of actively con¬ 
tracting muscle. The nucleoprotein changes in fatigue, recog¬ 
nised histologically as “chromatolysis,” give further evidence 
that the metabolic changes associated with cerebral activity are 
by no means negligible. The chemical changes are at least suffi¬ 
cient to generate measurable electrical potentials, and cerebral 
activity is so sensitive to deprivation of oxygen that interference 
with the circulation results in the slowing of electrical activity 
and unconsciousness within a few seconds. 

In attempting to study the biochemical changes in functional 
activity, the chief experimental difficulty is that of obtaining 
(specimens for analysis without the use of anaesthetics and 
quickly enough to avoid interference from post-mortem changes. 
Here the method of rapid freezing by immersion in liquid air 
has proved of great value as a means of fixing the biochemical 
changes in the brain. The method is particularly applicable to 
small animals, such as young rats, which can be frozen solid in a 
few seconds. The figures obtained in this way for labile com¬ 
pounds such as phosphocreatine are very much higher than 
those obtained after decapitation. It was difficult at first to 
understand why the method of freezing the brain in situ, which 
takes several seconds to complete, is so much more effective than 
freezing after decapitation in preventing post-mortem change. 
One reason may be that while the wave of freezing is spreading 
through from the surface, the circulation of the interior parts 
of the brain remains intact, so that the post-mortem changes 

associated with anoxia do not occur in the interior of the brain 
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immediately the animal is plunged into liquid air. The writer 
has observed that when a lesion is produced experimentally by 
pouring liquid air for two seconds on an area of forearm there 
is a transient sensation of cooling followed by numbness, with 
no immediate sensation of pain. It appears that as the wave of 
cooling advances in the tissues the b ocking of nerve transmis¬ 
sion by cold-block precedes the stimulation of the sensory 
nerves:^ this applies also to the nerves of the central nervous 
system 1 ' Immersion in liquid air may thus be more analogous 
to death by rapid ana:sthesia than to killing by methods such as 
decapitation, in which there is violent stimulation of the brain 
It would appear that the rapid “post-mortem glycolysis,” which 
occurs within a few seconds after decapitation, is mainly a result 
of the stimulation: it does not occur if violent stimulation is 
avoided by using anaesthetics or by freezing in liquid air. 

Measurements of arterio-venous differences in the blood have 
shown that the brain is metabolically very active in the normal 
waking state, accounting for about a quarter of the total meta¬ 
bolism of the body at rest; but it is unlikely that the metabolic 
rate of the brain is constant and unchanging under all condi¬ 
tions. It is known that the brain uses less glucose and oxygen 

urmg n arc ° sis ln dicat mg a rec ] uction in the metabolic 

while there is evidence of an increased oxygen utilisation in con- 
vulsions and in traumatic shock. Direct determinations of the 
etabohtes of the brain by the liquid air freezing method have 

fon Wn a , nU1 ? ber o£ changes which occur in narcosis, convul¬ 
phenobarbitone or ether there is an increase in the phospho 7 

rr e “ nt T.’i indlcatin S a building-up of high-energy phos¬ 
phate esters, while there is a fall in the lactic acid contentfl/con- 

vulsions, due to the injection of picrotoxin or metrazol, there is 

a rapid breakdown of phosphocreatine, with a liberation of in- 

°uf h n ' C - ph ° Sph , ate and a lar S e rise in lactic acid content of 
• e brain - Si milar changes occur in electrically induced convul- 
sions, in anoxia, in trauma and in severe shock. The indication 
is that *e energy required for these forms of cerebral activity is 
provided by the breakdown of the high-energy phosphate esters 
nd in particular of phosphocreatine: but these can be rapidly 
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resynthesised by the utilisation of carbohydrate, which may either 
be oxidised to C 0 2 or converted into lactic acid. 

Besides these changes there is also involvement of the nitrogen 
metabolism, as indicated by the fall in ammonia content in nar¬ 
cosis and the rapid liberation of ammonia in the brain during 
convulsions induced by picrotoxin, by anoxia or by electrical 
stimulation of the brain. JO This effect of electroshock treatment 
may be relevant in considering the mechanism of the therapeutic 
action of shock treatment, for the nitrogen metabolism is known 
to be abnormal in certain forms of mental disease. 

It has sometimes been assumed that the changes in the brain 
in electroshock or convulsant drug treatment are due to the 
nervous discharges associated with the convulsions; but careful 
analysis of the time relations shows that the chief biochemical 
changes are associated with the stimulation of the brain and 
they may occur some time before the convulsions have com¬ 
menced. 1 '' Electrical stimulation causes a very rapid fall in the 
high-energy phosphate esters : as much as 50 per cent, of the 
total brain phosphocreatine may be lost in a few seconds. At the 
same time there is a rise in the hexose phosphate fraction indi¬ 
cating a transfer of phosphate from phosphocreatine to carbo¬ 
hydrate : this is accompanied by a liberation of ammonia. These 
changes occur within one or two seconds of the electrical stimu¬ 
lation and several seconds before the onset of convulsions, which 
may not set in for ten seconds or more after the initial stimula¬ 
tion. 

The biochemical changes may thus be considered as the cause, 
rather than the effect, of the convulsions. In this connection it 
may be remarked that ammonia is a powerful cerebral irritant 
and convulsant. It is significant that the amount of ammonia 
liberated after electroshock treatment or after stimulation by 
anoxia is about 1 mg. per cent., which approaches the convulsant 
level when ammonia is administered by injection. 20 These ob¬ 
servations invite the speculation that the toxic action of ammonia 
may play a part in the precipitation of convulsions occurring 
after electrical and other methods of stimulation or in epilepsy, 
where the brain is abnormally irritable. 

Recent work by the rapid freezing technique has also given 

no 
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evidence of biochemical changes in the brain associated with 
changes in the mental state under normal physiological condi¬ 
tions. Rats taken during sleep show a significantly lower brain 
lactic acid content than animals taken in the normal wakin 
state, while rats examined during emotional excitement mve 
brain lactic acid content higher than the normal and over too per 
cent, above the mean level for sleeping animals." 2 It has been 
shown that the rise in the brain lactic acid in emotion is not 
attributable to incidental muscular activity, since it still occurs 
in animals immobilised by tubocurarine and it is not produced 
by muscular activity alone. It may be noted that the changes in 
the brain in emotional excitement are different qualitatively 
and quantitatively from those occurring in convulsions and in 
jost-mortem autolysis: in each case there is a liberation of 
actic acid, but in emotional excitement there is no liberation of 
inorganic phosphate or ammonia and instead of a fall there is a 
rise in the phosphocreatine content of about 12 per cent. This 

raSfh* i a Vu SpltC ° f r the increased metabolic activity indi¬ 
cated by the liberation of lactic acid, the supply of glucose and 

oxygen to the brain in emotional excitement is sufficient to 
laintain the high-energy phosphate esters at a high level, 
he formation of lactic acid in the brain in emotional excite¬ 
ment is a rapid process, which must correspond to a relatively 

S r rZ,ns r ab ° liC r"' 1 ' < F > ■). tL bntin iSS 

have bee^] 0 tCf“ 

he phosphate esters and ammonia level after electrical snmu 
ation has already been mentioned. If the speed oTthese re' 

btochcmtst, a, leas, that makes i, the more likely ,ha" they Z 

We a“ silu' o'r f T ti0 " al aC ' ivit >' ° f ,he b rain. 

still a long way from knowing what chemical change 
are concerned ,n the functioning of the brain in the m-mv g !t 

n sleep, emotional excitement and in statesof increased cerebral 
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irritability may serve as crude indications of the kind of bio¬ 
chemical processes associated with different states of cerebral 
activity during life. 



Fig. i. —Showing the effect of emotional excitement on the brain lactic acid. 
The points on the left of the diagram are normal values, the horizontal 
line at i8-8 mg. °/ Q giving the normal mean. The points on the right of 
the diagram give lactic acid values for rats taken at the times given on 
the time scale. The method of frightening was continued for 4 min., 
except for animals killed after a shorter period of frightening. 


CONCLUSION 

Biochemistry is still a comparatively youthful science, advanc¬ 
ing in the discovery of new fields, new techniques and new aims. 
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In its application to the problems of mental disease little has as 
yet been done. Further progress depends on extending our 
knowledge in the fundamental problems and particularly in that 
of the underlying functional mechanisms of the brain. The 
surest advance in the long run is not likely to come from a con¬ 
centration on clinical problems, but from a balanced approach 

in which both the clinical and fundamental problems are studied 
side by side. 

In its application to mental science biochemistry stands to 
gain from maintaining the widest possible contact with all the 
other branches of biological science, for experience teaches that 
it is in the uncharted borderlands between the sciences, where 
new knowledge from one field comes up against the accepted 
vievvs in another, that progress is general y most active. 

Psychiatry is rapidly changing, as new discoveries open up 
new fields for exploration, and some of the possible directions 
lor development lave been surveyed. Despite the limitations of 
scientific method, at least there can be seen some sort of a path¬ 
way leading towards a clearer understanding of the problems 
and towards the ultimate alleviation of the intolerable evil of 
mental disease. To those working in this field it is at least en¬ 
couraging to find that each little advance provides us with fresh 

is worth while. The biochem^st'caVonlywTsh fha! dw da^were 
!h"^a“whicJ 5S. Er “ ,Cr in PrCSS '" g f0 ' Ward 
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T HE great advances that have been made in recent years 
in physics applied to medicine, in endocrinology—espe- 
cially the chemistry of die steroid hormones, and in 

^ • | # ^ renewed interest in patho- 

physiological research in mental illness. It is no longer possible 
to accept exclusively psycho-analytic or psychogenic theories for 
the causation of abnormal mentation, and the general use of 
physical methods of treatment demands that mental problems 
should be examined afresh in the light of neuro-physiology. J n 
our unit research is concerned chiefly with psychoses in which 
there is a strong presumption of causally associated metabolic or 
physiological abnormality (for example, schizophrenia and the 
manic-depressive psychosis), the elucidation of physiological 
accompaniments of emotional upset, and the influence that the 

fllnes S S 0t mtCrna secretlon exert on mental activity and mental 

It may be assumed that many mental disturbances are a con¬ 
sequence or an expression of a metabolic disturbance of the 
brain or of certain brain parts. To elucidate this further requires 
investigation of normal brain metabolism and its regulation 
and how this metabolism may be influenced by various 
pathophysiological disturbances, as circulatory, hormone, and 
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vitamin change. New methods must be elaborated to make the 
brain accessible to investigation. Further, investigation of the 
total metabolism and vitamin and hormone store of patients is 
required to ascertain whether changes are a primary cause of 
orain disturbance or secondary to it. 

The oxygen consumption of the brain as a separate organ is 

considerably higher than that of other tissues in the body, with 

the exception of the thyroid. In fact, about one quarter of the 

total oxygen consumption of the human body is accounted for 

)) the brain. We do not know with any certainty the difference 

that may exist in the oxygen demands of different parts of the 

brain, nor do we know how brain oxygen consumption alters 

during sleep and in other states of activity. Oxygen consumption 

of the brain cannot be varied much in animal experiments. It is 

difficult to influence it by thyroid hormone, and only the most 

extensive treatment with thyrotrophic hormone causes an in¬ 
crease. 1 


THE RELATION OF THE HYPOPHYSIS TO BRAIN METABOLISM 

The oxygen consumption of brain tissue remains unchanged 
for a considerable time after hypophysectomy. There are, of 
course, many points to be considered—the amount of oxygen 
consumed may depend upon blood circulation or on the amount 
of oxygen offered. Owing to the high oxygen consumption of 
the brain, a great blood supply is necessary. 

It has been found that after castration and hypophysectomy 
there is a significant decrease in the blood content of the brain, 
which can be remedied by treatment with sex hormones. 2 Much 
work in this direction is still necessary, but this provides one 
explanation for the reduced mental functioning in psychoses 
where there is an endocrine disturbance with hypopituitarism 
and hypogonadism. 

The total energy balance of the brain is simpler than that of 
other tissues. The respiratory quotient in vivo is always i, as in 
vitro only glucose is burnt. 

In rats the carbohydrate metabolism was found to increase 

after hypophysectomy. There was a great increase in hexokinase 
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activity and anaerobic glycolysis. 1 he latter was restored by cor- 
ticotroplnc hormone. However, how the different parts of the 
brain participate in the carbohydrate metabolism is totally un¬ 
known, and few investigations have been made as to how it 
changes in various experimental conditions. The disturbance of 
. . - . rate metabolism after hypophysectomy is apparently 

intimately linked up with phosphorylation. Using radio-active 
tracer technique, it was shown 1 that the brains of hypophysec- 
tomised animals took up in the fraction of the acid-soluble phos- 
p torus more P than the controls, We may expect that with 
improvement in technique, radio-active tracers may demonstrate 

changes in phosphorylation and carbohydrate metabolism in 
the human subject. 


FUNCTIONAL ACTIVITY OF THE BRAIN 

Little is yet known about other metabolic processes taking 
p ace in the brain, which do not directly participate in the total 
energy balance of the organ. Conclusions about brain biochemis- 
try cannot easily be drawn from the numerous in vitro experi- 

1 , he influence of proteins and amino acids should not be 
ne lected in future research; already it has been shown that 
glutamic acid influences brain respiration in vitro . 5 

Much valuable information on neural activity should be 

of acetyl choline and hs 
regulation by cholinesterase. If all the statements concerning 

acetyl choline production and nerve transmission are true it if 

reasonable to expect that abnormalities in the production oJ 

destruction of acetyl choline should produce deviations from 

ormal mental activity. Perhaps oestrone, which produces dilata 

t °n of brai " vessels in animals, owes its therapeutic value in 
climacteric illness to its cholinergic action. 

Recent research has shown that true cholinesterase is present 
in considerable quantity in cerebro-spinal fluid, 6 and we have 
found an increase in brain cholinesterase after electro-convulsive 
t eatment in animals. It has been claimed that 7 acetyl choline 
production is the direct basis for electrical manifestation f 

neurons, and if so the electroencephalogram would'represent 



PERSPECTIVES IN NEUROPSYCHIATRY 

the resultant of the accumulation of acetyl choline produced in a 
multitude of neurons. 


BRAIN LIPOIDS 

Unlike other tissues, the brain contains many more lipoids 
than protein substances. .More than half its solids are lipoid. This 
great lipoid content cannot yet be explained by any sound hypo¬ 
thesis. Although a great number of different lipoid substances 
have been isolated nothing is known about their function or 
metabolism. Their special physico-chemical properties account 
for the great avidity the brain has for lipoid solvents or lipoid- 
soluble substances—for example, general anesthetics—and may 
explain the strong hypnotic action of different steroid hormones, 
particularly desoxycorticosterone, demonstrated by Selye in 
animal experiments. 8 

These facts enable us to speculate more clearly about neuro¬ 
physiological processes. A great amount of the steroid hormones 
produced in the body is extracted from the circulating blood 
and stored in the brain as such, or perhaps in another form. In 
investigations in our laboratory still proceeding, more 17-keto- 
steroids were found in the brain than in the gonads and some 
extracts of ox brain prolonged the life of epinephrectomised 
rats. These extracts apparently contained cortin or a substance 
with comparable action. Ketonic and non-ketonic fractions of 
phosphatid-free brain lipoid extracts fractionated on the chroma¬ 
tographic (alumina) column, show the presence of a vast number 
of substances, analysis of which will mean many years to 
work out. 


GENERAL METABOLISM IN SCHIZOPHRENIA 

Great caution must be observed in interpreting abnormalities 
of total metabolism or of the endocrine system in mental illness, 
notably schizophrenia. They may be secondary to a primary dis¬ 
turbance of brain or to a central process responsible for the 
mental as well as the physical picture, or may themselves be the 
factor that determines the abnormal mentation. Probably the 
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artiology of the psychoses is complex, and this makes the bio¬ 
chemical approach by itself difficult and even discouraging. 

It is our experience, borne out by the literature, that limited 
biochemical investigations give disappointing results, and special 
claims often turn out to be invalid if the investigations are re¬ 
peated on a larger series of patients. Biochemical investigation 
of body fluids by routine methods should profitably be directed 
to give information about endocrine deviation. For example, an 
abnormal blood sodium content and blood uric acid-creatinine 
quotient points to disturbances of adrenal cortex, thereby sug¬ 
gesting that blood cortin and cortin excretion should be deter¬ 
mined. 

There is much evidence that in schizophrenia especially, and 
in some other psychotic and neurotic reactions, the patient is 
unable to adapt himself physiologically to the demands of the 
environment, and the severity of the mental disturbance may 
match the degree of failure to accommodate. Under resting con¬ 
ditions and during sleep the metabolism, blood chemistry, and 
hormone pattern may be normal, but may change as soon as 
activity is undertaken or the body is required to cope with 
emergencies. There may be, for example, inability to thermo- 
regulate adequately. Tests for reactivity and accommodation to 
environmental changes can be devised which might indicate a 

failure of integrated activity of endocrines, notably the adrenals 
and suggest a rational therapy. 


ADRENAL GLANDS 

The adrenal cortex is the only gland complete removal of 
which in the animal is followed by death after a short time. It 
is concerned with maintaining normal body equilibrium, resist¬ 
ance against stress, and regulation of body temperature The 
adrenal cortex produces a number of different hormone frac- 
tions which influence water and salt metabolism, carbohydrate 
metabolism, and sexual function. It has been assumed that these 
hormones influence the brain directly and indirectly. 

Broster and his co-workers 9 have described true psychotic re¬ 
actions in the adreno-genital syndrome relieved by surgical inter¬ 
op 
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vention on the adrenal cortex, and there appear to be a variety of 
psychiatric disturbances referable to hypofunction of the adrenal 
cortex In theory, adrenal cortex performance can be investigated 
by biological assessment of extracts from blood and urine. These 
methods demand too much animal material to be used as 
routine. There remain available only chemical methods— 
namely (a) determination of total 17-ketosteroids excreted in 
twenty-four hours; (£) fractionated 17-ketosteroids; (c) how the 
excretion varies on different days and under different condi¬ 
tions; and (d) chemical estimation of cortin. 

• ^ rai l t,c ’ nat ' on °f th e 17-ketosteroids, and especially determina¬ 
tion of the beta fraction, give more valuable information than 
total 17-ketosteroids. Applying the method of Heard et al.,'° 
who used the reducing power of the sidechains of cortin com¬ 
pounds in urine for the chemical determination of cortin, we 
determined cortin in blood. 11 In certain cases after treatment 
with corticotrophic hormone the chemically determined blood 
cortin rose. Treatment with corticotrophic hormone in this way 
should enable us to differentiate between primary hypofunction 
o adrenal cortex, which cannot be influenced by corticotrophic 
hormone, and secondary hypofunction, where apparently the 
anterior pituitary does not produce sufficient corticotrophic hor¬ 
mone. In the latter case, in contrast to the former, treatment will 
produce an increase of blood cortin. 

In spite of the recognised importance of the adrenal medulla 
in the physiological regulation of the body and the important 
Pj 1 archaeological properties of adrenalin, no satisfactory studies 
of this field have been made in mental illness. This is chiefly 
because of technical difficulties, but with renewed interest in 
reactivity to environment and stress, it cannot be long neglected. 


THYROID FUNCTION 

More than any single endocrine gland the thyroid is linked 
with mental activity. 

Thyroid function in mental and nervous patients can be less 
reliably estimated by basal metabolic rate than in the men¬ 
tally normal. Protein-bound blood iodine should be a direct 
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measure of circulating thyroid hormone. However, as this figure 
is only the resultant between iodine compound produced, split, 
and excreted, it may only reflect extremes of hyper- and hypo¬ 
thyroid function. 1 he application of tracer methods with radio¬ 
active iodine is of prime importance, for in this way the up¬ 
take of iodine by the thyroid, its storage and excretion, can be 
studied. 

In spite of numerous publications in America 12 a reliable and 
accurate method for borderline cases has not yet been found. 
Current methods may be criticised on the ground that the 
iodine uptake is measured not earlier than thirty minutes after 
the application of tracer. By this time the thyroid has already 
commenced to discharge the tracer bound to the hormone pro¬ 
tein. It appeared to us that the gradient of uptake in the first 
minute after the injection was more significant, and we modified 
our methods accordingly. 

A convenient kymographic recording mechanism was devised 
to enable impulses to be recorded from the very moment of the 
intravenous injection of tracer. 13 In some patients, in whom the 
thyroid was very avid, iodine appeared within thirty seconds of 
the injection, while in others the same level in the thyroid was 
not reached before several minutes. 

The tracer technique is undoubtedly the method of choice for 
studying thyroid function in mental illness, and should help to 
explain many of the anomalies of thyroid activity and response 
to thyroid extract so often observed in schizophrenia. It should 
have an important application in the differential diagnosis 
between hyperthyroidism and anxiety states, and in examining 
ic role of emotion in producing hyperthyroidism and the inflm 
ence of psychotherapy on this condition. 


SEX HORMONES 

The undeniable relationship between sex hormones and 
psychic performance, and the occurrence of mental illness in 
adolescence, at the puerperium, and at the climacteric, has 

- CX ^rmone therapy and stimulated research in sex 
gland activity. Unfortunately chemical methods for determining 
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sex hormones in body fluids are not yet sufficiently reliable, and 
biological methods, with their great expense and inaccuracy, are 
therefore unavoidable. Only recently pregnandiol determination 
has been improved by Marrian et al.™ so that corpus luteum 
formation and ovulation can be studied. But the colorimetric 
determination of cestrone is not as yet reliable. The alpha frac¬ 
tion of the ketonic parts of the 17-ketosteroids may be an indi¬ 
cator of gonadal hormone production in the male. 

Some cases of melancholia of middle-age, in males and 
females, respond well to sex hormone therapy, while others do 
not, in spite of similarity in the psychiatric picture. Biological 
analysis of the output of anterior pituitary fractions may explain 
the contradiction. Ideally, hormone therapy should not be 
attempted without previous hormone assay, but as yet suitable 
routine methods are not available. 

Assuming that a sex hormone abnormality is found, the 
decision must be made as to whether it is due to a primary de¬ 
rangement of the gonads or the result of abnormal pituitary 
function. This question cannot be answered without biological 
assay of gonadotrophic hormones in the body fluids. Similarly, 
in certain circumstances it will be necessary to assay thyrotro- 
phic, corticotrophic, and other anterior pituitary hormones. The 
practical limitations to these biological methods are very great, 
and much progress is not to be expected until improved methods 
of extracting hormones from body fluids and more sensitive bio¬ 
logical test objects are found. 


CLINICAL INVESTIGATIONS 

There is now evidence that in some mental disorders, notably 
in schizophrenia, or at a certain phase in the development of 
the disease, the patient is unable to maintain a constant physio¬ 
logical pattern. 15 Thus normal hormone levels may be found on 
one day and not on another, or the patient’s reaction to insulin 
may vary from day to day. This constitutes an enormous obstacle 
to biological research, for it means that until it can be demon¬ 
strated that the physiological pattern is constant the figures given 
by single investigations are meaningless. It is probably necessary 
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to repeat a battery of tests at intervals for two weeks and again 
for a further fortnight after an interval of say three months. 

Space allows for reference to only a few clinical conditions in 
which the pathophysiological approach has already given some 
promising results. Io correlate laboratory findings with clinical 
phenomena may be impossible in acute forms of mental illness, 
which are subject to spontaneous change or spontaneous re¬ 
mission, unless tile patient is under observation during several 
cycles. This has been done successfully by Gjcssing in his well- 
known work on periodic catatonia, and in our own unit with 
short-phase manic depressive psychosis. There is evidence in the 
latter that excretion of cortin and beta-ketosteroids changes regu¬ 
larly with the cycles. I here appears to be decrease in the output 
of cortin with a corresponding increase in beta-ketosteroids in 
the depressive phase. We do not know as yet whether these hor¬ 
mone alterations are responsible for the mental picture or are 
just associated phenomena. The difficulty of studying unco¬ 
operative maniacal patients is evident, but this appears to be a 
line of applied physiology to which research units will mve 
attention in future, and is all the more interesting as depressive 

phases can be terminated by electro-shock, which is much less 
effective in mania. 


That the enormous amount of work which has been done in 
schizophrenia has produced so little that is conclusive, is an indi- 
cation of the complexity of the problem. Fractionation of 
7 -ketosteroids from chronic schizophrenic patients of similar 
clinical type shows a wide diversity of fractions, and in some 
cases there is no excretion of dehydroandrosterone. Attempts to 
correct the deficiency and change the hormone pattern P have 
produced marked clinical improvement in certain of our own 
cases Patients treated with the same substances, but in whom 
tie fractionated 17-ketosteroid picture was different, were un- 


The improved methods of estimating hormones suggest that 
the question of whether homosexuality is related to endocrine 
abnormalities should be considered afresh. There are several dis¬ 
tinct clinical types of homosexual, differing in history, sexual 
propensities, physical appearance and make-up. It will be neces- 
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sary to investigate homosexuals according to these clinical types, 
and this does not seem to have been done hitherto. Hormone 
analysis may show that in addition to an abnormal androgen- 
estrogen ratio, which has been claimed in certain cases, 16 frac¬ 
tionation of 17-ketosteroids may show a disturbance of adrenal 
cortex and other sex hormone deviations as we have found in 
schizophrenia. There is reason to hope that in certain types sex 
hormone therapy will be of value, and some workers already 
report promising results. 17 


SUMMARY 

In this short paper we have drawn attention to some of the 
aspects of the pathophysiology of mental functioning that we 
consider of clinical importance. So far no research institute can 
claim to have solved any of the major outstanding problems 
in psychiatric illness. How the physical methods of treatment 
operate is unknown, and there is no explanation for the spon¬ 
taneous remissions that are seen in practically every mental ill¬ 
ness. The paucity of our knowledge about the nature of normal 
mental activity and its physiological basis must make us cautious 
in theorising about the causation of states of abnormal mental 
activity. This makes it all the more important to investigate 
physiological abnormalities in illnesses where they are already 
known to exist. 
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T HE conception of the schema was introduced into 
neurology by Head and Holmes, 1 but they borrowed the 
term from Kant. In all subsumptions of an object 
under a conception, Kant wrote, “the representation of the 
object must be homogeneous with the conception; in other 
words, the conception must contain that which is represented in 
the object to be subsumed under it . . . Thus the empirical con¬ 
ception of a plate is homogeneous with the pure geometrical 
conception of a circle inasmuch as the roundness which is cogi¬ 
tated in the former is intuited in the latter. But pure conceptions 
ol the understanding, when compared with empirical intuitions, 
or even with sensuous intuitions in general, are quite hetero¬ 
geneous, and never can be discovered in any intuition. How 
then is the subsumption of the latter under the former, and con¬ 
sequently the application of the categories to phenomena pos¬ 
sible P There must be some third thing, which on the one 
side is homogeneous with the category, and with the pheno¬ 
menon on the other, and so makes the application of the Former 

w^ho f" P ° SSlble -- T ! 11S mCdiatin S -Presentation must be pure 
(without any empirical content), and yet must on the one Aide 

be intellectual , on the other side sensuous. Such a representation 

is the transcendental schema. ” Kant uses two illustrations to 

make his meaning clear. “It is not images of objects but 

ceptions; no image could ever be adequate four concern Ff 
a triangle in general. For the generalness of the conception it 

wh V f COU,d K attam , *? aS thlS includes und cr itself all trfangles 
whether right-angled, acute-angled, etc., whilst the image would 
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always be limited to a single part of this sphere. The schema of 
the triangle can exist nowhere else than in thought, and it indi¬ 
cates a rule of the synthesis of the imagination in regard to pure 
figures in space. Still less is an object of experience, or an image 
of the object, ever adequate to the empirical conception . . . 
The conception of a dog indicates a rule, according to which 
my imagination can delineate the figure of a four-footed animal 
in general, without being limited to any particular form which 
experience presents to me, or, indeed, to any possible image that 
I can represent to myself in concrete .” 

On the relationship between images and schemas Kant says: 
“The image is a product of the empirical faculty of the produc¬ 
tive imagination—the schema of sensuous conceptions (of figures 
in space, for example) is a product, and, as it were, a monogram 
of the pure imagination, a priori , whereby and according to 
which images first became possible, which, however, can be 
connected only mediately by means of the schema which they 
indicate, and are in themselves never fully adequate to it. On 
the other hand, the schema of a pure conception of the under¬ 
standing is something that cannot be reduced to any image—it 
is nothing else than the pure synthesis expressed by the category, 
conformably to a rule of unity according to conceptions. 

Thus in Kant’s thought the schema plays several roles, of 
which two are important for our present purpose. It mediates 
between the object, represented by an image, and a general con¬ 
ception or universal, of which that particular object is an 
instance. It is also necessary for imageless abstract thought. 
Head and Holmes use the term “schema” in order to interpret 
phenomena observed in patients suffering from loss of apprecia¬ 
tion of the posture of a part of the body as a result of a lesion of 
the cerebral cortex. They explain what they mean by it in 
the following passage: “It would be impossible to discover the 
position of any part of the body, unless the immediate postural 
impressions were related to something that had preceded them. 

A direct perception of posture, analogous to that of rough¬ 
ness, cannot occur; in every case, the new position of the limb 
is related to some previous posture. We have been able to show 
that the standard against which a change in posture is estimated 
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is not an image either visual or motor; it lies outside conscious¬ 
ness. Every recognisable change in posture enters consciousness 
already charged with its relation to something which has gone 
before, and the final product is directly perceived as a measured 
postural change. For this combined standard, against which all 
subsequent changes in posture are estimated, before they enter 
consciousness, we have proposed the word ‘schema.’ ” This is a 
sense somewhat different from Kant's, and the word has since 
been widely adopted, “body-schema” being used to describe the 
representation of the body and its parts, but since the term 
“body-image” has also been employed synonymously it is clear 
that subsequent workers in this field have not all agreed with 
Head and Holmes in using the term schema for past as opposed 
to present awareness of the posture of the body. I am now con¬ 
cerned, however, with the value of the schema as a general con¬ 
cept rather than with its applicability to the problem Head and 
Holmes were then considering. The schema, as defined in the 
passage quoted, possesses three characteristics : it is a physio¬ 
logical disposition, it is unconscious, and it is a standard of com¬ 
parison. 

Apart from the development of the idea of the body-schema 
the schema has hitherto found no further application to neuro- 
logy. Two psychologists, however, have made some use of it. 
Bartlett 3 employs it in his interpretation of remembering. He 
states that owing to the complexity of human experience “a new 
incoming impulse must become not merely a cue setting up a 
series of reactions all carried out in a fixed temporal order, but a 
stimulus which enables us to go direct to that position of the 
organised setting of past responses which is most relevant to the 
needs of the moment . . . An organism has somehow to acquire 
the capacity to turn round upon its own “schemata” and to con¬ 
struct them afresh. This is a crucial step in organic development. 
It is where and why consciousness comes in; it is what gives con¬ 
sciousness its most prominent function.” According to Bartlett, 
therefore, the function of the schema in memory is that,* 
together with the immediately preceding incoming impulse, it 
renders a specific adaptive reaction possible; but if that is not to 
be determined by the immediately preceding experience the 
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organism must turn round upon its schemas and become con¬ 
scious. I lie function of images is ‘‘to pick items out of 
schemata, and to rid the organism of determination by the last 
preceding member of a given series. 

Wolters lias made a somewhat similar use of the schema to 
explain universals. In his view thinking involves conation : it is 
a mode of behaving.” A dog is employing a universal when it 
reacts to a cat. Universals therefore are schemas. At one level “a 
concept is a skill”; it is knowing what to do about something. 
Hut a schema may itself be an object of reaction and in abstract 
thought we react to our schemas. “No process can be psycho¬ 
logically universal in itself; perhaps any process may be uni¬ 
versal in its function. That is only to say that it can be employed 
in the solution of a number of problems, as the schema con¬ 
trolling it can meet varying situations. Any effective schema 
must be sufficiently fluid to permit variation.”* 

I he use that has hitherto been made of the schema in neuro¬ 
logy and psychology has been incidental rather than systematic, 
and except in Wolter’s contribution, its Kantian function has 
not been developed. An attempt will now be made to demon¬ 
strate its wider usefulness, first by applying it to the elucidation 
of some aspects of speech and aphasia, and then by considering 
it in relation to recent ideas of cortical function. 

THE ROLE OF THE SCHEMA IN SPEECH 

Every thcorv of aphasia deals with words, yet it is exceptional 
to find in discussions of aphasia any consideration of the nature 
of words, and this has caused much confusion, primarily because 
the term “word” is used in two senses. The existence of two 
meanings of “word” has often been recognised. For example, 
Hughlings Jackson 11 wrote: “A word is a psychical thing, but 
of course there is a physical process correlative with it,” and 
Jespcrscn 12 : “Words are linguistic units, but they are not 
phonetic units.” Gardiner 7 says: “As words exist in the pos¬ 
session of every individual they are psychical entities, com¬ 
prising on the one hand an area of meaning, and on the other 

* For a criticism of the views of Head, Bartlett and Wolters see 
Oldfield and Zangwill. 16 
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hand the image of a particular sound susceptible of being physi¬ 
cally produced whenever wanted. We now see, therefore, that 
the description of words as having a side of meaning and a side 
of sound ... is slightly misleading, inasmuch as it implies that 
words are partly physical and partly psychical, in reality they are 
wholly psychical matters of knowledge and learning, though on 
one side of their nature they point to a physical occurrence repro¬ 
ducible at will.” In all these quotations there is a distinction, 
actual or implied, between a word as a phonetic unit and a word 
as a linguistic unit. No two persons utter the same word in the 
same way, nor, indeed, does any single person utter the same 
word in exactly the same way on two different occasions. Yet 
within very wide limits we understand all these variations to 
mean the same thing. "1 hus there are an indefinite number of 
phonetic variations of the same word, which as a linguistic unit 
cannot be identified with any of them. Russell 1, expresses this 
by saying that "the word ‘dog’ is a universal." Moreover, the 
word as a linguistic unit is not identical with its meaning. As 
Jespersen says, words are not notional units; for example, 
triangle and three-sided rectilineal figure” mean the same 
thing, but arc not themselves identical. Similarly the same thing 
is meant by different words in different languages. Thus we 
must distinguish (i) the word as a phonetic unit, (2) the word 
as a linguistic unit, and (3) its meaning. The distinction between 

the meaning of a word and the thing meant does not now con¬ 
cern us. 

As we have seen, a single word— e.g., the word “dog”—may 
be pronounced in many different ways, yet it remains the same 
word. What is it that constitutes the essence of the word as 
uttered? It can only be a certain pattern which is derived from 
the relationship^ between the sounds and which is common to 
all words “dog” that can be recognised as such. And, to be 
recognised, the pattern of the heard sound must sufficiently 
correspond to the pattern of that word already existing in the 
hearer. This is not a conscious process : for we do not consciously 
compare the words we hear with anything. Introspection cannot 
give us any account of the process, which we can explain only 
by introducing a neurophysiological concept. We recognise the 
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v\ ord dog whether it is whispered, shouted or sung, and 
uttered by a Scotsman, a Yorkshireman or a Cockney. Yet these 
extiemely varied phonetic stimuli must produce very different 
rhythms in the auditory cortex. It is the task of something to 
detect and respond to that single element of similarity in all of 
them, that common spatio-temporal neural pattern aroused in 
the cortex by that word and by that word only, however uttered, 
as long as it is uttered intelligibly. This something is a schema 

Head and Holmes’s sense, since it is a physiological disposi¬ 
tion acting as a standard of unconscious comparison. We may 
provisionally call it an (auditory) word-schema, the brackets 
being used to remind us that though it operates upon auditory 
patterns it is not composed of auditory images nor indeed does 
it enter consciousness. The same reasoning which establishes 
the existence of (auditory) word-schemas concerned in the recog¬ 
nition of heard speech applies equally to the comprehension of 
speech by means of visual symbols. We recognise a word what¬ 
ever the type in which it is printed and through the whole range 
of handwriting short of complete illegibility. All written or 
printed variations of a single word must therefore evoke the 
same (visual) word-schema, just as each heard word is mediated 
by an (auditory) word-schema. A word possesses the same mean¬ 
ing for us whether we hear it uttered or see it written. This 
might have been rendered possible by the establishment in the 
nervous system of independent connections between visual 
word-schemas and auditory word-schemas respectively with the 
neural substrata of meanings. In fact, since we learn to read and 
write some time after we learn to speak and to understand 
spoken speech (auditory) word-schemas precede (visual), and 
the (visual) word-schema initially gains access to its meaning by 
arousing the already-established (auditory) word-schema. Thus 
what is at first an (auditory) word-schema comes to act at one 
remove as a (visual) word-schema also. It is probably influenced 
also by the patterns of kinxsthetic impulses derived from the 
muscles of articulation concerned in the utterance of the 
particular word, and the study of aphasia yields some reason for 
thinking that the (auditory) word-schema plays some part in 
the expressive aspect of speech. 
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1 hus, though the existence of the word-schema has been 
deduced from the comprehension of heard speech, which indeed 
is the beginning of speech in individual development, it sub¬ 
sequently loses its purely auditory character and plays a similar 
role in the understanding of written speech and is related to 
kinarsthetic and probably also motor impulses. It is not, how¬ 
ever, a collection of images, and since it does not enter 
consciousness it should not be described as sensory. These 
features show the value of the schema concept in the interpreta¬ 
tion of the nature of speech, and this is also illustrated by the 
impossibility of naming the schema that has just been described 
in terms of normal speech. To describe it as “auditory,” or even 
receptive,” would be inaccurate and misleading, yet an 
arbitrary name would provide no clue to its function. Since there 
is reason to think that its disorganisation is the main element in 

Wernicke’s aphasia I propose to call it the “Wernicke word- 
schema.” 

The Wernicke word-schema is thus a schema not only in 
Head and Holmes’s sense but also in Kant’s, since, standing 
midway between the variable sounds of the uttered word and 
our awareness of its meaning, it mediates between an object and 
a general conception. It is the nervous substratum of the word as 
a linguistic unit and it renders possible the use of words as 
universal in Russell’s sense. 


THE SCHEMA IN THE INTERPRETATION OF APHASIA 

All the principal forms of aphasia were recognised about a 
century ago, yet Head, 8 writing in 1926, could characterise the 
theory of aphasia as “chaos,” and extremely conflicting views 
on the subject still prevail. There is more than one reason for 
this confusion, but the principal one has always been, and 
remains, the attempt to explain aphasia wholly in terms of 
normal speech. If we derive our ideas of speech from reflection 
and introspection we shall observe that speech is the expression 
of meanings by word, that words are things which we hear, 
read, utter or write, and of which we may be able to form 
corresponding images, and that hearing, reading, speaking and 
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writing arc activities, all distinct from one another, in which 
words are employed. It was natural, therefore, that most of the 
earliest workers on aphasia should have attempted to explain 
aphasia in the same terms, namely, as a disorder of the use of 
words, from loss of their images, and should have described, as 
separate varieties, inability to read, inability to write, and so on. 
As might have been expected, since words are the things that 
enter or leave the nervous system in speech, this account of 
aphasia does apply fairly well to the effects of lesions that 
damage the subcortical portals of entry and exit for the various 
forms of verbal expression, for it is just in these situations that 
the nervous system is handling words as consciousness recognises 
them. But pure or subcortical motor aphasia and agraphia, pure 
word-deafness and pure w r ord-blindness are so extremely rare 
that their very existence has been doubted. All the common 
forms of aphasia resist classification in the categories which 
consciousness applies to speech and which Head 0 rightly 
described as “only a priori conceptual terms” : even the dis¬ 
tinction between “receptive” and “expressive” aphasia is in¬ 
valid, as Head showed. The reason for this is that the neural 
mechanisms of speech are not for the most part organised in a 
fashion which corresponds to the conceptual analysis of speech, 
and the functions whose disorder is apparent in aphasia cannot 
be appropriately described in such terms. As Lashley 1 ’ has put 
it, “conceptions of the organisation of mind and of behaviour 
are based on a logical analysis of the activities of the total 
organism, and the final synthesis of nervous states which con¬ 
stitute these activities must transcend the excitation of any 
single centre. Thus we must expect to find fractionings of 
behaviour following organic lesions which cannot be explained 
or understood in the current psychologic terminology.” Head 9 
at one time recognised this and said that “had he been bold 
enough he would have liked to have spoken of the V group of 
functions” which broke up into the “a, b, c and d groups.” But 
he dare not do that. He had been obliged to give them names, 
and it was those names that were going to lead him to perdition; 

. . another set of conceptual terms would have been invented 
to load up this unfortunate subject and obscure it further. 
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Unhappily this is just what happened when he described his 
varieties of aphasia verbal, nominal, syntactical and semantic— 

in terms of linguistic disorder. 

The schema, however, provides an escape from these difficul¬ 
ties, for it makes it possib e, where necessary, to explain aphasia 
in terms of functional neural dispositions which may have no 
relationship to consciousness. Thus, to give two examples, dis¬ 
organisation of the Wernicke word-schemas plays the principal 
role in Wernicke’s cortical sensory aphasia; and the difference 
between the expressive disorder in this type of aphasia—Head’s 
syntactical aphasia- and that described by Head as “verbal 
aphasia lies in the fact that in the former both sentence-schemas 
and word-schemas are defectively constructed while in the latter 
these schemas, though normally evoked, are unable to activate 
more distal motor patterns. 


THE FUNCTION OF THE SCHEMA IN THOUGHT 

As Kant points out in the passage quoted above, “no image 
could ever be adequate to our conception of a triangle in general. 
For the generalness of the conception it never could attain to, 
as this includes under itself all triangles whether ricdit-an<dcd, 
acute-angled, etc., whilst the image would always be limited 
to a single part of this sphere. The schema of the triangle can 
ex.st nowhere else than in thought.” Kant is here describe 
the process of abstraction by which the general concept of a 
triangle is derived from various instances. This process is not 
peculiar to man, for a rat can be trained to recognise triangu- 

‘rv- ^ at se cms able to differentiate the figure, so that 

the three angles are the only feature of it that matters and the 
absolute size and position on the retina do not” (Adrian 2 ). We 
do not know whether this capacity in the rat can be ascribed to 
thought, but there must be a neural process through which 
the selective response to triangularity occurs, and this neuro¬ 
physiological disposition is performing a similar function to that 
of the receptive word-schema in speech, i.e., it is discrimin¬ 
ating a pattern common to a number of otherwise varied 
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stimuli. If we are to use the schema to describe a neurophysio¬ 
logical disposition we must modify Kant’s statement that “the 
schema of the triangle can exist nowhere else than in thought” 
by saying that the schema of the triangle exists in the nervous 
system and it seems likely that the rat responds to triangularity 
unconsciously and without the intervention of conceptual 
thought. The concept of a triangle, then, is the emergence of its 
schema into consciousness—a turning-round of the organism 
upon its schemas, in Bartlett’s phrase, or a reaction to the 
schema as Woltcrs puts it. 

To discuss in detail the relationship of the schema to 
consciousness and of words to thought is beyond the scope of 
this essay, but one or two remarks may be made. We may 
suppose that between a rat recognising triangularity, a dog 
employing a universal in its behaviour towards a cat, and man 
entertaining the idea of a dog, there is a transition from the less 
conscious to the more conscious. But human behaviour exhibits 
all degrees of consciousness in relation to schemas. The more 
unlike each other the objects composing a class are, the greater 
the need for conscious thought if their underlying similarity is 
to be recognised. Conversely, similarity may be deceptive, and 
to recognise that a slow-worm is neither a worm nor a snake but 
a legless lizard requires highly abstract conceptual data. This is 
where words come in, and words chiefly determine the differ¬ 
ence between what we may call a percept-schema and a concept- 
schema. A dog can employ the universal “cat” in reacting to a 
cat because cats are much alike and can be subsumed under a 
single percept-schema, but a cat cannot employ the universal 
“bird” because all birds are not sufficiently alike for its purpose : 
it will stalk a sparrow, but not a turkey. “Bird” to a cat means 
“catchable small bird” in our terminology. One value of words 
for thought is that they provide a shorthand label to attach to 
members of a class. The net of thought may have taken years, 
or even centuries, to catch the idea: a name pins it down for 
ever. Thus language aids both abstraction from the perceptual 
word (Cassirer 5 ) and that further process of conceptualisation 
which must proceed in the absence of images; but whether these 
processes are more or less conscious, and whether they are aided 
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or not by inner speech, they are alike from the neurophysio¬ 
logical standpoint in consisting of the interplay of schemas. 


THE NATURE OF THE SCHEMA 

The schema as an integrating pattern plays as important a 
part in motor activity as in perception, speech and thought. 
Thus, as Adrian 2 points out, “we may learn a skilled movement 
by employing certain muscles and thereby certain groups of 
nerve-cells in the motor area of the brain, but when we have 
learnt it we can carry out the movement with an entirely 
different set of muscles and nerve-cells—we can write our name 
with a pencil held between the toes when we have learnt to do 
it with the fingers.” Such motor schemas assume a purposive 
character (Adrian 1 ). They must be transcortical in the sense 
that they arc proximal to and so direct the motor cortex itself. 
Bosma and Gellhorn 1 make this deduction from their experi¬ 
ments on the motor cortex of the monkey. “The demonstrated 
fact,” they write, “that movements induced by electrical stimu¬ 
lation of the cortex are co-ordinated in time and space suggests 
that the electrical stimulus elicits a process in the cortex through 
which the locally represented neurons are activated in certain 
patterns. The anatomical basis of muscular co-ordination is 
believed to lie, to a large extent, in the intracortical connections 
existing between neurons, which, although supplying different 
muscles, are located in the same cortical focus. Were this not the 
case the various muscles would be activated in a strength com¬ 
mensurate with the number of neurons present but without the 
temporal sequence which is characteristic of movements induced 
by cortical stimulation as well as by volition.” 

We do not at present possess the neurophysiological know¬ 
ledge to enable us to see exactly how the schema works. Craik 6 
has speculated upon how the nervous system might abstract 
triangularity from the total stimulus presented to it, and Lash- 
ley 14 has developed such a hypothesis of the neurological basis 
of recognition in some detail. “Neurologically,” he writes, “the 
problem is clear enough The first experience of a stimulus ex¬ 
cites a certain number of neurons in a definite pattern. An asso- 
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ciated reaction is formed as a result of this stimulation. There¬ 
after, the excitation of any similar pattern of neurons will elicit 
the associated reaction. The later stimulation need not, and prac¬ 
tically never does, involve the original combination of sensory 
cells. It preserves only certain proportions or relations among 
the elements of the stimulus pattern.” Lashley proposes as an ex¬ 
planation that it is the nature of nervous tissue to irradiate the 
initial pattern widely through the whole of the appropriate 
sensory cortex which, acting as a resonator, becomes, as it were, 
diffusely sensitised to the pattern. This might explain the recog¬ 
nition of the same pattern on different occasions, but something 
more seems to be required to account for the comprehension of 
different phonetic stimuli as the same word or the recognition 
of abstractions like triangularity. It should be noted that we can¬ 
not abstract from one instance: succession is of the essence of 
abstraction. Yet succession cannot effect abstraction of some¬ 
thing which is not at least implicit in the first instance, for other¬ 
wise it could not be recognised on subsequent occasions. This 
apparent paradox affords a clue to what may be the process at 
work. When a visual field is perceived a relationship is set up 
between all the stimulated neurones of the visual cortex. Thus, 
when a triangle is seen, there is a relationship of cortical pro¬ 
cesses corresponding to the angles, but when it is seen only once 
this is of no more potency than the relations between any other 
areas, except in so far as the outline of a figure acquires particu¬ 
lar importance. When, however, a series of triangles are pre¬ 
sented successively, the traces of the neural substrates of the 
angles, being repeated, are reinforced on each occasion, while the 
other elements of the figures, being variable, provide no basis 
for reinforcement. But reinforced where? In Lashley’s view the 
abstraction which this process represents is in the sensory cortex 
itself, but I would suggest that it is more likely to be the schema, 
which corresponds to his “associated reaction, ’ which performs 
this task. The schema would then develop by becoming a reson¬ 
ator to a pattern received from any part of the corresponding 
sensory cortex and “learned” by repetition, and would thus be 
the basis both of simple recognition and of abstraction. Just as 
the receptive schema provides the essential element of plasticity 
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in the reception of stimuli so the motor schema inversely offers 
plasticity of motor response. 

To sum up, then, Kant’s insight more than 150 years ago dis¬ 
covered in the realm of thought the need for a concept, the 
schema, which we have seen reason to think is describable at 
the same time in both neurological and psychological terms, and 
which is the means by which the nervous system performs, 
amongst other functions, those processes of abstraction for which 
Kant invoked it. The schema is a neurophysiological disposition 
which may or may not enter consciousness, and which plays an 
essential part in perception and action, speech and thought. It is 
both physical and mental, and, when its neurological character 
is more fully understood, it may prove to be the bridge between 
bodv and mind. 

j 
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THE RELATIONSHIP OF MIND AND 
MATTER TO PERSONALITY 


By E. L. HUTTON, 

M.B.. B.S., U P M. 

(Clinical Director, Burden Neurological Institute ) 


N spite of the extreme difficulty of defining unequivocally 
the meaning of the word “personality,” there seems little 
doubt that human beings from quite an early age are intui¬ 
tively aware of what it means to be a person, as evidenced, for 
example, by the small girl, aged eight or nine, who said : “I 
don t like that doctor, Mummy. She doesn’t treat you like a 
person, she treats you like an it. Ihere is surely general agree¬ 
ment that the personal aspects of experience are the most impor¬ 
tant, and that they are inseparably connected with perceptions 
and feelings, with thoughts, aspirations, and strivings. A person 
is a sentient being, and although all sentient beings may not be 
persons an insentient being is not a person but an it. 

Subjectivity is therefore an essential component of personality 
and in certain philosophies is considered as the only essential 
component. Is it possible, however, to perceive without perceiv¬ 
ing something, to feel without feeling something, or to strive 
without striving for something? A sentient being is a subject 
who perceives and evaluates objects, and a person is one in 
whom there exists a subject-object relationship. The existence 
of sentient beings is essential for subjective phenomena, and 
the importance of subjective factors develops equally with the 
increase of sentience, but it is frequently maintained that objec- 
ive phenomena long preceded the existence of sentient indi¬ 
viduals, and that the evolution of these is a relatively late event- 
that matter, or at least the energy which has given rise to the 
material universe, has always existed, but that mind only made 

lL aPP , e n ra K Ce at a Tf ry mUch latCr date > and Personality much 
later still, that mind has in some way evolved out of matter, and 
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personality out of both. This conviction, however, is of relatively 
recent date, and has only arisen during die last 300 or 400 years 
as the logical consequence of the scientific discoveries of this 
period. Previously there seems to have been a very widespread 
belief in a personal God or gods who existed before the material 
universe, and were responsible for its creation. “In the begin¬ 
ning God created the heaven and the earth.” This belief in a 
personal God or gods seems to have been almost universal, and 
becomes more evident the further back one travels in human 
development. “One of the chief differences between the outlook 
of the primitive savage and that of civilised man is the great 
extension in the mind of the former of the theory of personality, 
an outlook we have already called ‘animism.’ Everything pos¬ 
sesses a ‘soul,’ or at any rate will-power, in the judgment of the 
savage.” 1 Both children and savages explain the existence and 
behaviour of the material world by reference to supernatural 
versons. Is there any justification for this early and widespread 
relief, or for its retention in the various religious creeds of the 
present day, or is such a belief merely the survival of an ignorant 
misapprehension and misconstruction by man of the real nature 
of the universe in which he lives? 

In this essay are reviewed some of the modern scientific find¬ 
ings concerning personality and human experience in an attempt 
to discover whether science has, in fact, dealt the death-blow to 
religion, or whether the conclusions of science, which frequently 
seem so incompatible with the religious beliefs which man has 
universally formulated for himself, are themselves false because 
in the calculations of scientists one or more essential factors have 
been consistently ignored. The main purpose of this essay is to 
consider the relationship between the object and the subject, 
between Nature and the Naturalist, between the data of science 
and the scientist who accumulates, evaluates, and draws con¬ 
clusions from them. 


THE SUBJECT-OBJECT RELATIONSHIP IN PERCEPTION 

Neurophysiological investigation has revealed that for a sub¬ 
ject to perceive (in the strict technical sense) an object, it is 
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necessary for a stimulus to induce electrical activity of a specific 
kind in the cerebral cortex. Recent research has shown that the 
nature of the resultant perception is not based upon qualitative 
differences in the type of nervous activity elicited by different 
stimuli, but by differences in the spatial and temporal ar¬ 
rangements of a uniform type of activity: “the nerve-fibres 

y r k on a simple and uniform plan, and 

this suggests that the activity of the brain from moment to 
moment should be capable of definition as a spatial arrange- 
ment and no more. It must be a pattern of excitations highly 
complex and rapidly fluctuating but built up of the same ele¬ 
ments in all its parts, the elements being nerve-call activity 
induced by the flow of impulses along the nerve fibres. As far 
as we can tell there is no part of the brain, and no stage in the 
elaboration of the patterns, where they are likely to depend on 
some different kind of material change.”- 

This dependence of the qualitative nature of the perception 
upon spatial localisation not only holds good for the different 
modes of perception but for the qualitative differences within 
the individual modes. Thus in the dog a response to (and pre¬ 
sumed perception of) notes of high frequency depends upon the 
production of activity in the anterior part of the cortical 

area ’ and to notes of low frequency in the posterior 

Ln’l . SUC< j essi , ve octav - bein g represented at approximately 
equal intervals of 2 mm. along the cortex. 1 In the case of visual 

perception, not only does the shape of the object perceived 

appear to depend on the spatial localisation of the ? nervous 

activity in the cerebral cortex, but presumably so also does its 

cokmr, since scattered about in the retinal mosaic are element? 

which react to only a narrow band of wave-lengths, and which 

aSTu d ‘r S L b C int ° three main S rou P s ’ sensitive to red, green 
and blue light respectively. No difference has been detectfd in 

the type of activity occurring in the nerve fibres connected with 

these colour-sensitive receptors, so it would seem that it is their 

spatial relationship to each other and to those fibres with retinal 

receptors sensitive to all wave-lengths within the visible 

mne T det ^ mines the c °l° u rs, and to some extent the 

tone-values of the object perceived. 1 The evidence for the other 
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modes of sensory perception is not quite so definite, but as yet 
no data have been discovered which contradict the above general 
statement. 

The intensity of a perception also seems to depend on 
temporo-spatial patterns. Davis and Galambos (quoted by 
Adrian) found that the frequency of impulses in the individual 
fibres in the auditory nerve of a cat was not related to the 
frequency of the sound but varied with the intensity, from about 
ten a second as a minimum up to a maximum of 300-400 a 
second when the sound was very loud, and as the loudness of 
the sound increased fibres from less sensitive receptors came into 
action, thus introducing a spatial factor due to the increase in 
the total number of fibres conveying impulses. 5 

Although perception only occurs when a dynamic pattern is 
formed in the cerebral cortex the location of the pattern, and 
hence the nature of the perception, is dependent upon the 
nature and site of the stimulus, since each particular sensory 
projection area in the cortex appears to be connected with a 
particular type of sensory receptor, which responds only to 
stimuli of a specific kind. “The stimulus is merely a trigger 
which sets off the impulse, and it does not contribute the energy 
essential for its conduction.” 0 This is supplied by the potential 
energy stored in the molecular structure of the nerve-cells and 
fibres, and following the discharge of this potential energy there 
is an absolute refractory period of at least 0-5 m.sec. during 
which no impulses can be produced even though a stimulus of 
maximum intensity be applied, followed by a relatively refrac¬ 
tory period of about 10-15 m.sec. during which the threshold 
of stimulation gradually falls. 7 Presumably during this period 
metabolic changes are in progress (possibly the resynthesis of 
acetyl-choline by means of the energy stored in phosphocreatine 
with adenosine triphosphate acting as a catalyst) resulting in the 
restoration of the potential energy necessary for the production 
of a nervous impulse. 8 Under normal conditions this potential 
energy is not released except when detonated by the trigger 
stimulus, and in perception this stimulus is supplied by a change 
in the environment of the receptor-endings of nerve-hbres that 
is, by a dynamic event of some sort occurring outside the central 
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nervous system; the spatio-temporal pattern of the nervous 
activity elicited is strictly conditioned by the spatio-temporal 
pattern of the stimulus which elicits it. 

The amount of energy required to detonate the potential 
energy of nervous tissue, /.<?., the strength of the stimulus 
necessary to produce an impulse, is not a constant. As has 
already been mentioned there are variations in the sensitivity 
of the receptor end-organs, and the threshold of stimulation 
varies during the relative refractory period. Furthermore the 
arrangement of nerve-cells and nerve-fibres and their relations 
at the synaptic junctions is such that the impulses aroused in 
one neurone, now considered as the unit of nervous activity, 
may be conveyed by the branching of its axon to many inter¬ 
nuncial neurones, and conversely one internuncial neurone may 
receive impulses from many different neurones. By this means 
summation becomes of primary importance in the physiology 
or the C.N.S. It has been found that if two stimuli, each pro- 
ucing a volley of impulses which alone are insufficient to pro¬ 
duce transmission across a synaptic junction and thus effect a 
re Hex response, are applied simultaneously or within an inter¬ 
val less than 15 m.scc., a response can be elicited. In these 
circumstances the response becomes smaller the longer the 
interval between the two shocks. Each volley of impulses^creates 
a change in a number of central neurones, which continues in 
some neurones as long as 15 m.sec., and which has been called 
^hernngton and his co-workers the “central excitatory state ” 
abbreviated m i Furthermore it has been suggested by Lorente 
de No that ,f the enduring character of r.e./. in the spinal 
reHex can be adeciuately explained by the assumption that 
several internuncial neurones are intercalated between the 
sensory fibres and the anterior horn cells, all forms of enduring 
reflex discharges could be explained by the postulation of circus 
excitation in a group of internuncial neurones. 0 

If such circus excitation does in fact occur in the internuncial 
neurones of the cerebral cortex as well as in those of the spinal 
cord is it a plausible hypothesis that this is the physiological 
mechanism underlying attention? The cytoarchitecture of the 
cerebral cortex is extremely complex, and as yet but very i m - 
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perfectly understood, but sufficient has been discovered by the 
painstaking investigations of histologists to indicate that all the 
cortical neuronic chains including one or several synapses are 
superimposed upon the simplest chain, a two-neurone arc, and 
that these chains include closed loops. These two features Fulton 
has graphically illustrated by a simplified diagram which 
“exemplifies the broad plan upon which the central nervous 
system is organised.” 10 It is at present believed that many of the 
impulses arriving at the synapses of a cell fail to cross the 
synapse because they do not reach the threshold; but there is 
no evidence to prevent the assumption that any synapse is pass¬ 
able, provided the conditions necessary for summation are ful¬ 
filled. 10 “By means of closed loops the cortical cells can be 
bombarded by a succession of impulses, thus creating in them 
a constant state of facilitation , and eventually stimulating them 
to discharge into their axons.” If the neurones in the long reflex 
chains were being regularly bombarded, owing to their partial 
inclusion in one or more intracortical closed circuits, by volleys 
of impulses insufficient to cause transmission over the synapse 
but generating c.e.s ., the threshold of the external stimulus 
needed to produce synaptic transmission would be reduced. The 
rate at which the neurone in the reflex chain was being bom¬ 
barded by any given circuit formed by neurones with relatively 
short axons would depend principally upon the number of 
synapses included in it; the shorter the circuit the more frequent 
the bombardment, the greater the lowering of the threshold, 
and the longer the time during which this lowered threshold is 
present. If the neurone in the long reflex chain were connected, 
as seems probable from Fulton’s diagram, with several closed 
circuits of varying length, the rate of bombardment could be 
varied very considerably; and if the threshold necessary to 
induce activity in any given circuit varied inversely with the 
length of the circuit, the facilitation at the synapse of the 
neurone in the long reflex chain could be very considerably 
increased by a very small increase in the intensity of the 
stimulus. The activity in these circuits might be initiated (a) by 
the same stimulus which eventually evokes a reflex response, 

(b) by a stimulus coming via the long or short association fibres 
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from some other part of the cortex, or (c) bv a central 

(4 1 >> v / > 

pace-maker. 

Is it possible that the regular rhythms which have been found 
in the cortex by electro-encephalographic investigations may be 
connected with circus excitation of this nature? If the circus 
excitation were determined by a central pace-maker this would 
conceivably affect all the circuits, and if this were the only factor 
a rhythmic beat would result, the rate of the beat being set by 
the pace-maker. Local variations in this rate could, however, be 
caused by incoming afferent stimuli, the nature, site, and in¬ 
tensity of these determining the site, degree, and extent of the 
rhythmic alterations in the circuits. Recent work by Brazier 
suggests that this might be so : “In summary, the data reported 
here are consistent with a postulate that the a-rhythm results 
from the repetitive action of cells in neurone chains, that the 
rate can be modified within certain limits by metabolic changes 
in the respiration of cortical cells, that it can be disrupted 'by 
any agent which inactivates a link in the chain, and that it is 

thrown out of synchrony by the arrival of action potentials 
originating as sensory impulses.”" 

The relationship of the a-rhythm to attention is described by 
Adrian as follows : “The a-rhythm may be regarded, therefore, 
as associated with the inattentive state and as occurring in 
regions of the brain which are playing no part in mental 
activity because the attention is directed elsewhere. With normal 
vision there is always something to catch our eye even though 
our attention is mainly elsewhere, and so the a-rhythm is 
normally absent when we are awake. But as we become slecpv 
it is harder to keep the attention fixed, and the rhythm begins to 
reassert itself even with the eyes open; and when we begin to 
tall asleep it dominates the brain for a time, to be replaced later 
by occasional slow waves when sleep is established. If this is a 
correct picture of a-rhythm, if it is like the rhythm of the nar¬ 
cotised brain, a simple regular beat of part of the cortex when 
it is not in use for perception, it follows that full consciousness 
is possible with only a fraction of the cerebral mechanism 
actively engaged, only those regions where the direction of 
attention has made the cells accessible to the messages which 
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reach them. 1 he onset or the rhythm seems to be determined by 
some central influence.” 1- The close association of the hypo¬ 
thalamus with sleep and with the autonomic changes involved 
in emotional reactions, and the well-recognised relationship 
between the heightening of attention in emotional states and its 
diminution in sleep, suggests that the hypothalamus might well 
be the centre controlling the rhythm of the central nervous 

system as well as the physiological rhythms of the other organs 
of the body. 

Finally, from the psychological standpoint here is a brief 
definition of attention as given by Stout: “It is the function of 
attention to facilitate cognition, and cognition is facilitated by 
increasing the intensity of the sensation, by facilitating its rise 
into consciousness and by maintaining it until discrimination is 
complete.” 13 

Reviewing what has been said above concerning the physio¬ 
logical mechanisms underlying perception, it appears that in 
some inexplicable manner an object or event is perceived by an 
individual when certain temporo-spatial dynamic patterns occur 
within his central nervous system; and that the energy pro¬ 
viding the dynamic element of the process is mainly derived 
from potential energy already stored within the central nervous 
system, though the addition of a small quantity of energy from 
outside the central nervous system is essential, this small 
additional quantity of energy being the stimulus which initiates 
the process; and finally that the temporo-spatial pattern, which 
determines the nature of the object or event perceived, is itself 
determined by the relatively static histological pattern of the 
central nervous system, and by the temporo-spatial pattern of 
the stimulus which acts upon it. 

IMAGERY, MEMORY AND IMAGINATION 

Stout defines images as “immediate experiences of a certain 
kind which arise in the absence of external stimulation,’ and 
upon which depends “the apprehension of objects as past, 
future, or merely possible.” Moreover, “it is possible for every 
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sensory experience to have its counterpart in an image,” and 
“not only is every special quality of sense capable of being 
represented in imagery, but every attribute might be duplicated 

11 MM J f 

as well. 

1 he problem of the physiological mechanism underlying 
memory is one that has long interested investigators, and which 
has as yet found no conclusive answer. Adrian, for example, 
discusses it at some length, and mentions some of the hypo¬ 
theses which have been brought forward in this connection. He 
quotes Lashley’s suggestion that “memory traces could be more 
or less stable resonance patterns which might be reduplicated 
all over the cortex in small or large collections of cells, and a 
fresh signal would find the resonating systems ready to be 
stirred up to increased activity if it fitted more or less into the 
pattern,” but since memories persist after sleep and deep 
anaesthesia, “if memory traces are patterns of activity the 
patterns must tend to occur in the same form after a period of 
inactivity, and to bring this about it seems necessary to postulate 
some semi-permanent modification as well. A slight c range in 
the exceedingly plastic structure of nerve-cells and dendrites 
would be enough—for instance, a slight outgrowth or change in 
thickness of the dendrites which had been specially active.” 15 
Such an explanation has much in common with the psycho¬ 
logical account of retention given by Stout: “Specific ex¬ 
periences leave behind specific traces or dispositions which 
determine the nature and course of subsequent processes, so that 
when they are modified it is modified; but the persistence of 
dispositions is not absolute, and tends to decay and may dis¬ 
appear altogether if not maintained by renewal.” 16 

In this view any stimulus which sets up a pattern of activity in 
the central nervous system will produce a slight modification of 
those tissues over which the impulse passes, with the result that 
the next time a similar stimulus is presented the passage of an 
impulse over that same pathway will be facilitated, and the 
shorter the interval between the two stimuli and the more 
frequent the repetition of the stimulus the greater will be the 
degree of facilitation. Such a mechanism, if it exists, might 
account for the recognition of a percept, for a sense of familiarity 
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running parallel in degree with the degree of facilitation; but 
it would not account for imagery, or for memory in the sense of 
recall, or for imagination which depends upon imagery. The 
physiological mechanism which underlies all forms of associa¬ 
tion, including the conditioned reflex, is surely an essential 
factor here. It appears to be operative in all forms of acquired 
behaviour as distinct from innate instinctive reflexes. In these 
latter the impulses aroused by a given stimulus tend to follow a 
limited and well-defined pathway, and for this type of activity 
the cerebral cortex does not appear to be necessary— c.g. y the 
complex behaviour of bees, ants and other insects. There does, 
however, seem to be some evidence that even at subcortical 
levels, if two stimuli are presented simultaneously or within a 
brief interval of time the impulses set up by the stimuli tend to 
coalesce in some way, forming one composite pattern of activity 
instead of two discrete ones. By repetition and consequent facili¬ 
tation the fusion of these two patterns into one becomes more 
stable until finally the presentation of the less important stimulus 
serves to arouse activity in the total pattern, and elicits behaviour 
originally caused only by the other stimulus. Although subcor¬ 
tical fusion can be demonstrated, the cerebral cortex is the region 
where this mainly occurs, and it is possible that this fusion of 
engrams is indeed one of its primary functions. In this way the 
various physical stimuli emanating from a given object, acting 
on the diverse sensory-endings and setting up spatial patterns of 
activity in their own specific zones, produce finally one total 
engram, so that the object from which these diverse stimuli 
emanate is perceived as an entity. In this way the visual, olfac¬ 
tory, gustatory and tactile stimuli emanating from an object 
such as an orange are all fused in the cortex, with the resultant 
perception of the orange with its various sensory qualities and 
attributes, the conditions necessary for this fusion being the re¬ 
peated presentation of the nearly simultaneous stimuli. 

The conditioned reflex of the laboratory only differs from the 
above in that the association of the two stimuli is an artificial 
one, and does not occur as a natural phenomenon. The be¬ 
havioural response which follows such fusion of the impulses 
elicited by two stimuli is determined by their relative importance 
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for the percipient at the time of presentation, the less significant 
being drained as it were into the more significant, so that finally 
the presentation of the less important stimulus evokes behaviour 
appropriate to the other. There would seem to be no limit to the 
number of cortical patterns which can be fused in this way, pro¬ 
vided the presentation of the causal stimuli complies with the 
necessary conditions, so that originally simple perceptual pat¬ 
terns grow like a snowball by continuous accretion as more and 
more associations are formed. 

Once a composite engram has been formed, the presentation 
of one of the stimuli will tend to arouse activity in the whole of 
it, so that the stimulus is perceived, and the rest of the “snow¬ 
ball” is imaged, and the resultant behaviour is the outcome of 
this activation of the whole. Certain parts of the engram, how¬ 
ever, will be more stable than others owing to more frequent 
simultaneous repetition or greater intensity of the causal stimuli, 
and certain of these latter will be more related to each other than 
to the rest. Moreover, since the purpose of nervous activity seems 
to be the appropriate control of behaviour, if this end can be 
achieved by activating only a part of the total engram it is ob¬ 
viously uneconomic to activate the whole. Consequently even in 
people whose five senses are fully operative there is considerable 
variation in the nature of the imagery they possess, and although 
it is possible for every sensory experience to have its counterpart 
in an image, and for every special quality and attribute of sense 
to be duplicated, it rarely is so, and for many people their 

imagery is primarily visual, while for others it is auditory, kinaes- 
thetic, or verbal. 

This fusion of simple engrams would also account for the con¬ 
textual background of all percepts and images; as experience 
grows it becomes almost impossible for any stimulus (and the 
stimulus itself may be a very compound one) to be so novel that 
it, or part of it, has never been presented before, with the result 
that it practically never produces a simple unrelated percept, 
but tends to stimulate some already formed composite engram 
into which it enters. (In the case of a pun the stimulus simul¬ 
taneously excites two dissimilar and otherwise unrelated 
engrams which amuse by their incongruity.) In addition to the 
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more or less clearly defined percept or concept aroused by the 

stimulus there is a vague shadowy background of attributes 

which are felt and not formulated, but which if attention is 

directed upon them can be developed and brought out into the 
clear light of day. 

Any one of the stimuli which went to the formation of a com¬ 
posite engram may later serve to arouse activity in part or whole 
of it, and thus elicit acquired behaviour appropriate to it. Thus 
the sight, smell, taste, feel, or name of an orange may each, 
individually, stimulate the orange engram, and arouse the appro¬ 
priate response. It is probably for this reason that such large areas 
of the cerebral cortex can be destroyed without producing any 
recognisable loss of memory or acquired habit, since so long as 
one stimulus remains operative part, at least, of the engram can 
be activated, though Lashley found that with the whole cortex 
destroyed a rat became unable to solve problems, or to remember 
their solution. 

The various factors involved in memory may therefore be ex¬ 
plained on a physiological basis as follows: 

i. Retentiveness and recognition: due to the production 
of memory traces or dispositions by means of some semi¬ 
permanent modification in the nerve pathways travelled by 
a specific group of impulses, such as could result from a 
slight change in the exceedingly plastic structure of nerve- 
cells and dendrites. There appear to be constitutional 
differences underlying retentiveness, possibly due to the rela¬ 
tive ease with which this semi-permanent change can be 
induced. In general, however, the more intense the stimulus 
the longer is the impression retained, presumably because a 
greater modification is made in the cell and dendrite struc¬ 
ture owing to the greater number of impulses passing 
through them. Similarly, repetition of a stimulus will favour 
retentiveness since the arithmetical summation of impulses 
will produce a corresponding degree of change. Attention is 
also an important factor; if the physiological basis of atten¬ 
tion lies in the circular rhythms of the association fibres, the 
introduction of new circuits, or the quickening of the 
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rhythm of a circuit already connected with the particular 
pathway being stimulated, would increase the number of 
impulses passing over it, a'nd in this way would produce a 
greater modification of it. 

2. Association: produced by the same mechanism which 
underlies the conditioned reflex, whereby if two stimuli are 
presented under fairly stringent conditions, the two origin¬ 
ally discrete engrams become fused into one, the engram 
which is the more important for the percipient attracting 
and deflecting the impulses of the second engram into itself, 
with the final result that the presentation of the less impor¬ 
tant stimulus evokes behaviour appropriate to the other. The 
ease with which fusion of this kind occurs again appears 

... some extent upon constitutional factors, but, 

like retentiveness, it is facilitated by repetition and attention 

whereby the intensity and attractive power of the dominant 
engram is increased. 

3. Accuracy of revival: the more fully an associated 
stimulus activates a composite engram the more accurate 
the memory, and the more similar to the original percept is 
the evoked image. In normal imagery, however, the pre¬ 
sented stimulus only partially activates the composite 
engram, with the result that the image is easily distinguish¬ 
able from the percept by its fragmentariness, loss of vivid¬ 
ness and distinctness, etc. Under certain circumstances 
however, an engram appears to become fully activated so 
that the resultant image becomes indistinguishable from a 
percept, whereupon the percipient insists upon the external 
reality of the objects or events of which he alone is aware 
while all other observers deem them hallucinations. 

At this point it is necessary to make an emendation of Stout’s 
definmon of an image as “an immediate experience of a certain 
kind which arises in the absence of external stimulation 
since under normal conditions some form of stimulus is’ as 
necessary to evoke an image as to evoke a percept, and the 
stimulus is very frequently an external one. The alteration re¬ 
quired is that the image arises in the absence of the external 
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stimulus necessary for the evocation of the corresponding per¬ 
cept. The image of Buckingham Palace arises in the absence of 
the building so-called, but it needs the presentation of some 
stimulus, be it the name or a reference to the Royal Family, or 
some other association, for its evocation. The stimulus may be 
internal or external to the percipient, but in either case it is 
external to the Buckingham Palace engram, and the latter 
would not have been activated without it. This is an important 
point, for just as the percept requires a small amount of addi¬ 
tional energy to serve as a trigger, so too does the evocation of 
the image, and this is supplied by the presentation of a stimulus 
formerly associated with the original perceptual situation. 


The relationship of imagination to imagery and memory, its 
dependence upon language, and its role in creative activity have 
already been discussed by the author in an earlier paper. 1 ' Here 
it is sufficient to draw attention to the fact that by means of 
representative language man can evoke images in himself or his 
audience, and by combining his language in new ways can evoke 
corresponding images and thus bring into being objects and 
events which have only this imaginary existence. The basic sub¬ 
stance of this imaginary world, as of the perceptual world from 
which it is derived, is mainly the percipient’s own potential 
energy stored up in his nervous system, but here also a small 
additional quota of energy is necessary again to serve as a 
trigger, though the central nervous system itself may supply this 
additional quantum, so that the whole of the basic substance 
out of which the imagined world is derived comes from the per¬ 
cipient’s own potential store of energy. 


THE BODY IMAGE 

“The part played by the body in our perception of the external 
world is of the greatest importance, and is much neglected by 
realist philosophers.” 18 The author feels that not only has it 
been neglected by the realist school of philosophy but by all 
philosophers, and that this neglect is responsible for many of the 
difficulties and inconsistences of both realists and idealists. 
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First and foremost it is important to draw attention to the fact 
that a percipient’s awareness of his own body is, like his aware¬ 
ness of other objects, based upon the occurrence of temporo- 
spatial patterns in his own cerebral cortex. The perception of it 
as a unit is presumably due to the mechanism, already described, 

ol fusion of the engrams produced by more or less simultaneous 
stimuli. 

Psychopathology furnishes numerous illustrations of the diver¬ 
gencies and discrepancies which may arise between a percipient’s 
own perception of his body and its perception by other ob¬ 
servers. In the phantom limb, for example, the percipient feels, 
thermally and kinaesthetically, that it is still in situ , though he 
himself and other observers can perceive, visually and tactually, 
that it has been amputated. Visual, tactile, thermal, auditory, 
olfactory and gustatory stimuli all play a part in the external 
perception of our body, and kinaesthetic, vestibular and visceral 
stimuli in its internal perception, all these giving rise to tem- 
poro-spatial dynamic patterns in the appropriate sensory pro¬ 
jection areas. In the parietal region, for example, “the body sur- 

tral” gyrus°^^ teC cilcrmatome b y dermatome upon the post-cen- 

It is surely a matter of common experience that awareness of 
one s own body is an ever-present constituent of consciousness 
even if it only forms a vague and indistinct background to those 
objects and events which attention places in the foreground. Not 
°nl y so but the location of all other objects and events is deter¬ 
mined by their relationship to this central and continuous unit- 
objects are in front of, behind, above, below, to the right or to 
the left of the percipient’s body; events are simultaneous with 

obWt ’ t°k aftCr CVentS > occurnn g in his bod y- Furthermore this 
\ h y, P erc 'pient s own body, though perceived in many 

from nl S 1 'Sf ° l £" ]CC ^ nevertheless differs fundamentally 

the presence of other objects bears strict and apparently causal 
relationship to the changing states of this perceived body When 
conscious, as I now am, of the clock on the table in front of my 
body, there is also consciousness of my eyes being open and 
when these are perceived as closed the clock has no visual exist- 

I 55 


PERSPECTIVES IN NEUROPSYCHIATRY 


cncc for me for I have no visual imagery. Unless, however, it has 
been moved in the interim, when my eyes are perceived as open 
once again the clock appears on the table in front of my body in 
the same place as before. I do not, however, merely perceive the 
clock as an object of a specific size, shape and colour, but as one 
that emits a regular noise of a certain intensity and, if I perceive 
my arm outstretched and my hand in contact with the clock, as 
one that has a specific texture and temperature. All these various 
sense-data seem to emanate' from the same locus in relation to 
my body and all these various aspects and attributes are fused 
into one entity—the clock. Now although the visual aspects 
of the clock disappear when my eyes are perceived as closed, the 
tactile and auditory aspects persist and are located in exactly the 
same place as before. If now my hand is no longer felt to be out¬ 
stretched and touching the clock, but is perceived as blocking 
my ears, my eyes still being perceived as closed, the clock dis¬ 
appears altogether from my perceptual consciousness, but from 
this I do not conclude that the clock has really ceased to exist, 
but only that I am unable to perceive it. 

The difficulty of both realists and idealists seems to arise from 
a confusion of the perceived body with the percipient’s actual 
body. Because of the experienced dependency of all perceived 
objects upon the perceived state of the percipient’s body the 
ability to perceive them is located within this perceived body, 
and the mind is thought of as being located within this per¬ 
ceived skull; but what is often forgotten is that this body and 
this skull are themselves objects of perception. 

Now not only am I aware of my own body but also of other 
bodies similar to mine, and spatially related to my body, to 
each other, and to all other objects within my perceptual field. 

I perceive these objects and bodies, including my own, inter¬ 
acting with one another, these interactions being far from 
random but exhibiting quite definite sequences. Thus if I per¬ 
ceived a billiard cue in the hand of a human body, my own or 
another, approaching and contacting a billiard ball on a billiard 
table the ball is observed to move in a definite direction at a 
definite speed. If this perceptual experience is repeated several 
times it becomes apparent to me that the direction and speed of 
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the billiard ball bears a definite relationship, whether causal or 
otherwise, to the speed and direction of the billiard cue. Here it 
might be permissible to interpolate that it is from observed 
sequences of this kind that scientists have deduced what are 
called the laws of nature.” Since the objects of the perceptual 
experience are observed to behave in this manner it is argued 
that there must be some necessity compelling them to do so, 
and that the observed relationship is in fact a causal one—the 
billiard ball moves because the bil iarcl cue touches it. 

A belief in causation also seems to arise in yet another way. If 
a swiftly moving cricket ball is perceived as impinging upon my 
body, a disagreeable quality which appears to emanate from 
the bodily area hit by the cricket ball enters into my conscious¬ 
ness, and I then perceive my hand travelling to this area and 
moving up and down over it, and it seems to me that the move¬ 
ment of my hand is caused by the disagreeable quality of my 
experience, and that this latter is to some extent diminished by 
the movement of my hand, and indeed that the purpose of the 
movement is just to reduce the disagreeable element. If I now 
perceive a cricket ball impinging in a similar fashion upon a 
body similar to mine and there fo lows similar movement on the 
part of this body, I conclude that accompanying this there was 
perception of the ball and the body, and a similar disagreeable 
experience. I infer that there is a percipient in some way 
associated with this body who has experienced conscious per¬ 
ceptions similar to mine, that the observed movement was caused 
by the disagreeable experience, and that the purpose of the 
movement was to diminish it. This inference presumably forms 
the basis of the differentiation of all objects observed by us into 
sentient or insentient beings. We label sentient those objects 
which we observe to behave in a manner more or less similar 
to the observed behaviour of our body in similar circumstances 
and we ascribe the same awareness to them that we have our- 

them S, ai a s nd WV, fee L that ^ th ' ngS which cxist for us exist for 
hem also When they cease to behave in this way and appear 

unaffected by many of the objects and events which still affect 
us we say that they have become insentient or unconscious. 

Neurophysiologists, aware of such sentient beings in their 

1 57 



PERSPECTIVES IN NEUROPSYCHIATRY 

own perceptual field, have noted that behaviour of this kind 

U1 f 1 lts su PP osc d accompanying awareness or consciousness 
only occurs when certain events, which are becoming ever more 

CC ; U ,> c efined, take place within such a being. These events 
are t le c ynamic temporo-spatial patterns in the central nervous 
system which were discussed earlier in this paper, and they 
arise only under the strict conditions which were there 
described. I liese temporo-spatial patterns are rarely, if ever, 
o ^served to arise spontaneously, but occur in association with, 
and apparently as the result of, other dynamic events, occurring 
eithci in some other part of the central nervous system, or if 
outside this then either internal or external to the body of the 
supposedly sentient individual. 

If such dynamic events, located outside the bodies of sentient 
individuals, are brought into a similar relationship to them, 
similar temporo-spatial patterns tend to arise in all of them; 
under such circumstances they all presumably have a similar 
experience caused by a single dynamic event, they all perceive 
a similar thing, and what they perceive is determined by some¬ 
thing which exists independently of them all; they do not per¬ 
ceive that which is external to them, but what they perceive is 
determined by it. If, however, the causal dynamic event occurs 
within the body of a sentient individual it gives rise to certain 
temporo-spatial patterns which occur only within the central 
nervous system of that particular individual, so that he pre¬ 
sumably has a unique experience which is perceived by him 
alone, and he alone experiences the pain in his foot or the noises 
in his ears. None the less, similar changes occurring within the 
bodies of other individuals may give rise to similar temporo- 
spatial patterns in their central nervous systems and so to a 
similar experience. In the former case the cortical patterns are 
similar because they are determined by a single common event, 
in the latter because they are determined by similar though 
separate events. In both cases the percept arises in conjunction 
with the cortical pattern, and the actual nature of what is per¬ 
ceived depends directly upon this, and only indirectly upon the 
event which produces the cortical activity. 

Since interoceptive stimulation is frequently accompanied by 
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exteroceptive, fusion of the corresponding engrams naturally 

results; so a pain in the foot becomes associated with the visual 

or tactile perception of a blow, or a cut, or a bruise, etc. When 

such fusion has occurred the presentation of one or more of 

the exteroceptive stimuli will tend to activate the whole engram 

with a resultant image of the interoceptive elements; in this 

case similar exteroceptive stimuli originating from the body of 

another individual may result in a cortical pattern which 

a tproximates to that caused in this other individual by the 

observed blow, cut or bruise, and both individuals may have a 

similar experience and feci pain, one bv direct perception and 

the other by means of imagery. Such a mechanism can, however, 

lead to a great many errors since, owing to differences within 

central nervous systems, sensory receptors, and associations 

ormed by past experience, a common exteroceptive stimulus 

may produce very dissimilar cortical patterns in different 
individuals. 


Now a scientist is a sentient individual, and as such may 
observe or be observed by other sentient beings, and what 
applies to them applies equally to him. His researches are 
directed towards a limited number of objects and events selected 
out of the total field of which he is perceptually aware, and this 
limitation of his interest is designated by his scientific title 
geo ogist, physicist, biologist, anthropologist, etc. The objects 
of lus study are brought by means of attention into the fore¬ 
ground of his consciousness, and as far as possible isolated and 
studied in detachment from the objects constituting the back¬ 
ground of the field, including his own body. For reasons 
already stated many scientists are misled into believing that the 
objects and events they are studying have a real existence 
independently of them, whereas in fact, as we are learning from 
neurophysiology, these objects and events are only determined 
by things existing independently, their actual nature depend¬ 
ing entirely on the temporo-spatial patterns occurring in the 

scientists own cerebral cortices. They are actually but un¬ 
wittingly studying the effects of the dynamic activity which is 

occurring each in his own central nervous system, and the 
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observed “laws of nature” are the observed sequences in their 
own perceptual field. If similar cortical patterns are aroused in 
several individuals, either by a common stimulus or by separate 
but similar stimuli, they will all observe similar sequences in 
their perceptual field, and they will all deduce the same “laws 
of nature.” They can be observed, both by themselves and by 
other sentient individuals, performing similar experiments, 
using similar measuring devices, and describing their work in 
similar phraseology. None the less, and it cannot be too strongly 
stressed, each man is studying what he himself perceives, and 
what he perceives depends directly upon his own cortical 
activity; the objects of his study have their existence only in 

h i m. 

This has been stressed by Eddington : “I have been con¬ 
tinually emphasising the subjectivity of the universe described 
by physical science.” 20 “If we take observation as the basis of 
physical science, and insist that its assertions must be verifiable 
by observation, we impose a selective test on the knowledge 
which is admitted as physical. The selection is subjective, 
because it depends on the sensory and intellectual equipment 
which is our means of acquiring observational knowledge. It is 
to such selectively subjected knowledge, and to the universe 
which it is formulated to describe, that the generalisations of 
physics—the so-called laws of nature—apply.” 21 

The scientist is aware of a world of “material” objects 
related to and interacting with one another, appearing and dis¬ 
appearing, approaching, receding, mingling, dissolving, etc., 
and all having a unique relationship to one specific object, 
namely his own body. As the result of his researches into the 
nature and substance of these material objects he finds that their 
infinite variety and material solidity vanish. “That is the essence 
of the relativity theory. All the variety in the world, all that is 
observable, comes from the variety of relations between 
entities. Therefore when we reach the considerations of the 
intrinsic nature or structure of the entities that are related there 
is nothing left but sameness—in so far as that nature or structure 
comes within the scope of physical knowledge, and is part of 
the universe which physical knowledge described. 

160 


MIND AND PERSON A LI TV 


The physicist, investigating the intrinsic nature of the material 
entities which he selects out of his perceptual held as the objects 
of his study, finds nothing but ‘‘sameness,” nothing but move¬ 
ment weaving itself into a variety of patterns. The neuro¬ 
physiologist, selecting for his study the material aspects of the 
scientist, also finds nothing but sameness, nothing but move¬ 
ment weaving itself into a variety of patterns. Some of these 
patterns are relatively stable, only changing slowly during the 
course of years, and these he describes as the scientist's 
anatomical and histological structure. Other patterns, the 
temporo-spatial ones occurring in the central nervous system, 
are more transitory, sometimes lasting a few seconds only, but 
often recurring and showing definite sequences. It is these 
temporo-spatial patterns which bring into being for the scientist 
the material object which he perceives, and it is the nature of 
these patterns which he is really studying. They are not, how¬ 
ever, arbitrary and indeterminate but exhibit the definite 
relationships and sequences discussed earlier in this paper. 

Here it is sufficient to recapitulate that although a sentient 
individual himself supplies the greater part of the energy which 
furnishes the dynamic element of the patterns, in perception 
and frequently also in memory and imagination a small addi¬ 
tional quantity of energy in the form of a stimulus is necessary. 
The sentient individual is not self-sufficient but is in relationship 
with and dependent upon dynamic events which are taking 
place outside him. Furthermore, even the potential energy 
stored in his own central nervous system is itself drawn from 
external sources of energy; indeed a great part of the activity of 
the body of a sentient individual may be conceived simply as a 
mechanism for obtaining energy from external sources and 
storing it ready for use. The individual is not self-existent; all the 
energy and movement which is found in him, and which there¬ 
fore may be spoken of as his, is only a small fraction of a much 
vaster energy system, with which he is in the most intimate 
relationship, from which all his energy is drawn and into which 
it returns. 

Similarly the patterns which are imposed upon this dynamic 
movement in the central nervous system are not arbitrary and 
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self-imposed but are found to be dependent upon the following 
factors: (i) the pattern of the object which serves as the 
stimulus, and which is perceived by the neurophysiologist as 
external to the sentient individual; (2) the histological pattern 
of the central nervous system and the sensory receptors; (3) the 
previous patterns which have occurred in this individual; 
(4) u P on the stability of the mechanism for the storage and 
release of the potential energy in the central nervous system out 
of which these patterns are formed. 

A sentient individual is thus conceivable as an integral part 
of a system in which movement is continually weaving itself 
into an infinite variety of forms; the whole system is a con¬ 
tinuum, everywhere continuous movement weaving patterns 
which change, appear and disappear, sometimes enduring for a 
few seconds or even less, or lasting a thousand years or more. 

A sentient individual is but one of these patterns through which, 
so long as this particular pattern endures, movement is con¬ 
tinuously flowing, and which is modifying and being modified 
by the patterns in its environment, to which and from which its 
own movement flows. There appear, however, to be definite 
differences between the patterns of sentient individuals and 
those of insentient objects, for in the former there appear to be 
two varieties of pattern, namely those which are relatively 
stable, only changing slowly during the course of hours or even 
years (the body), and those which are more fleeting, lasting 
only a fraction of a second or at most a few minutes (the nervous 
activity). The movement which informs the fleeting patterns is 
the same as that which weaves the more stable ones, and as the 
movement flows into and through the former they are modified 
by and themselves modify the latter, and through these there is 
a continuous interaction with patterns in the environment. 

One of the most important features of these transient cortical 
patterns is that many of them show extraordinary similarities in 
their temporo-spatial relationships to the patterns from which 
and to which their movement flows, and, in fact, they appear to 
reproduce these on a smaller scale, the ratios remaining the 
same, though the quantities vary. These patterns appear to 
mirror, as it were, many of the patterns in the environment of 
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the individual. Individuals with but little sentience appear to 
mirror but few patterns, but simultaneously with increasing sen¬ 
tience the number of patterns so mirrored increases, producing, 
as it were, a small-scale model of the system of which it is itself 
an integral part. It must always be remembered that the model 
is most intimately related to the original, being modified by and 
itself modifying the original patterns from which and into 
which its own movement flows. In this way is exemplified the 
system of feed-back which is discussed elsewhere in this volume 
by Ashby and Grey Walter. Movement flowing from the 
original patterns is transformed into the patterns of the small- 
scale model, from which it now flows back to the original pat- 

Small scale 
model 



Original 

pattern 


ric. i. 

terns modifying them, thence again to the model producing 
appropriate changes there and so back to the original, the system 
being continuously self-regulating. 

The accompanying analogical diagram (Fig. i) illustrates this 
in a rather crude and clumsy fashion. 

Thus if movement is conceived as originally weaving the pat¬ 
tern of a triangle, movement flowing from this to the model 
will weave there a similar triangle but on a smaller scale; if the 
movement flowing back from the model to the original trans¬ 
forms the triangle into a circle this will be copied in the model 
whence a square may be produced in the original and then in 
the model, and finally the original triangle again. 

For the sake of clarity the geometrical figures have been 
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drawn in sequence, but since the movement flows back from the 

model to the original a more accurate diagram would be the 
following (Fig. 2). 

If the larger patterns in the original are conceived as con¬ 
stituting, in their entirety, a macrocosmos, the small-scale model, 
being of the same nature and indeed derived from and forming 
an integral part of the original, will constitute a microcosmos. 

This idea is not new: Nicolas Cusanus regarded individual 
things as units which mirror the world, and Giordano Bruno 


Small scale 
Model 



thought that each elementary unit, combining matter and form, 
is both corporeal and spiritual, a microcosm of the whole, but it 
is of course Leibnitz who most fully developed this concept. 23 

Although there is much in common between the ideas put 
forward in this paper and those developed by Leibnitz there are 
very essential and fundamental differences. The first of these 
differences is that only living sentient entities mirror the uni¬ 
verse in this way, and that the extent to which the universe is 
mirrored develops pari passu with the increase of sentience; and 

the second is that, far from being “windowless” self-subsistent 
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entities, these living individuals are derived from, sustained by, 
and intimately related to, the universe which they mirror. 



Fic. 3.—Diagrammatic Representation of the Microcosmic Theory of 

Perception. 

If C is mirrored in B, and C and B are mirrored in A 


C a : C, =C,: C 
C 2 : B, =C, : B 
C, : B, =C : B. 


All the ratios observable in C, will be applicable 
Conclusions drawn from the observation of C t B 
to C, B, and C,. 


to C 2 and vice versa. 

1, and C 2 will be applicable 


Although A’s perception and cognition is of C„ B„ and C-, all his inferences 

fromhu ng V C Wlll , a,so be valld for C > B > and C„ Similarly B's inferences 
from his cognition and perception of C, will be valid for C 

Neither A nor B perceives C, but as the C, each perceives is determined bv 

and proportional to C, their perception and cognition will be similar and the 
same as if they were, in fact, perceiving C. ’ d the 

r" A perCC,ves B. and C„ and observes B, reacting to C„ he supposes 
h Thk‘ ' S perCei 7 n S 9" w Beteas B,’s perception is of C, and not of C, PP 
This ,s matterless since B.'s inferences from his cognition and perception 

m C, 2 . ^ ,<3 ^ C ‘ 3nd S ° Can determine th e behaviour of B, wfth regard 


Than the cen t r alne rvous system of living organisms is capable 
of functioning in this way has been suggested by Adrian : “The 
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brain is large enough to allow room for a great many different 
local patterns at any time and for all the complex interactions 
between them. It is large enough to have the external world 
mapped out on it by our sense organs, with reasonable detail for 
the things and events which are likely to matter.” 24 Adrian also 
refers to a hypothesis put forward by Craik, who suggested that 
mind emerged as no more than a useful part of the machinery 
for making a working model of reality,” so that the organism 
carries in its head not only a map of external events but a small- 
scale model of external reality and of its own possible actions; it 
is able to try out various alternatives, react to future situations 
before they arise, and utilise the knowledge of past events.” 2 '* It 
is true that Craik thought of his model as being constructed 
only of symbols on the analogy of a calculating machine, while 
the theory as put forward in this paper suggests that a better 
analogy is that of a model steam-engine, which, being con¬ 
structed out of the same materials as the original, actually on a 
smaller scale, wor\s out problems, the solutions of which can 
then be directly transferred to the original (Fig. 3). 

HOLISM 

For many years the holistic neurophysiology of Lashley and 
Goldstein has been strongly stressed by Golla. “In fact, even on 
the neurophysiological level we have to regard the nervous 
system as an organic whole and not as an integration of reflex 
arcs, each with an unalterable function. If this be, on the whole, 
a true account of the position of neurophysiology, it must, a 
fortiori , be still more applicable to psychology as a whole.” 26 

Unfortunately this holistic view is sometimes forgotten in the 
scientific analysis of mental phenomena and their physical cor¬ 
relates as it is in the practical psychology of common sense, and 
isolated items of conscious experience are regarded as isolated 
and independent entities. 

Let us turn for a moment to Sherrington’s vivid picture of the 
brain, with its cell activities and nerve impulses, as a sleeper 
rouses from the unconsciousness of sleep to the consciousness of 
the 


waking state : “A scheme of lines and nodal points, gathered 
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at one end into a great ravelled knot, the brain, and at the other 
trailing off to a sort of stalk, the spinal cord. Imagine activity 
shown in this by little points of light. Of these some stationary 
flash rhythmically, faster or slower. Others are travelling points 
streaming in serial lines at various speeds. The rhythmic sta¬ 
tionary lights lie at the nodes. I he nodes are both goals whither 
converge, and junctions whence diverge, the lines of travelling 
lights. Suppose we choose the hour of deep sleep. Then only in 
some sparse and out-of-the-way places are nodes flashing and 
trains of light points running. The great knotted headpiece lies 
for the most part quite dark. Occasionally at places in it lighted 
points flash or move but soon subside. 

“Should we continue to watch the scheme we should observe 
after a time an impressive change which suddenly accrues. In 
the great head end which had been mostly darkness spring up 
myriads of lights, as though activity from one of these local 
places suddenly spread far and wide. T he great topmost sheet 
of the mass, where hardly a light had twinkled or moved, now 
becomes a sparkling field of travelling sparks hurrying hither 
and thither. The brain is waking and with it the mind is return- 
ing. It is as if the milky way entered upon some cosmic dance. 
Swiftly the head mass becomes an enchanted loom where mil¬ 
lions of flashing shuttles weave a dissolving pattern, always a 
meaningful pattern though never an abiding one; a shifting 
harmony of sub-patterns. Now as the waking body rouses^ 
sub-patterns of this great harmony of activity stretch down into 
die unlit tracks of the stalk-piece of the scheme. Strings of flash¬ 
ing and travelling sparks engage the length of it. This means 
that the body is up and rises to meet the waking day.” 26 

Perhaps as we watch the loom we find that the illumination 

of the tapestry woven by the myriad shuttles is not uniform but 

shows many differing degrees of brightness, with nearly always 

some relatively small area of the tapestry clearly distinguishable 

from the rest owing to the brilliant intensity of its illumination 

first one part being brought into prominence in this way and 

then another yet always remaining an integral and essential 
part of the whole design. 

An enchanted loom indeed, for the shuttles are weaving a 
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cosmos, a microcosmos, reproducing as best they may the vast 
dynamic patterns of the macrocosmos. And each weaver, weav¬ 
ing on his own loom, perceives the tapestry he is creating, sees 
the parts in their relation to one another and to the whole, and 
is for ever striving to obliterate or harmonise the discordant 
elements he finds in it. It is the ability to weave a tapestry, to 
create a cosmos, that is the hall-mark of the sentient individual; 
the objects and events of which he is conscious are those which 
he has woven for himself, and only when the shuttles finally 
cease their creative task is consciousness entirely lost. 


CONCLUSION 

Having thus surveyed some of the recent findings of science 
is it possible to throw any new light on the body-mind problem, 
or the relationship of mind and matter? The evidence suggests 
that there is a vast macrocosmos, wherein movement incessantly 
weaves itself into patterns which are “constandy changing, 
infinitely extended,” forming “one great network or tissue 
which quivers in every part when one point is shaken, like a 
spider’s web if touched.” 28 Among the infinite variety of pat¬ 
terns are many which we term living organisms , and in these 
some of the patterns which environ them are reproduced, but 
on an infinitely smaller temporo-spatial scale. These living 
organisms can be arranged in series, from simple forms wherein 
are modelled but a few simple patterns, to extremely complex 
forms wherein is housed a model of great complexity, repro¬ 
ducing a vast number of the patterns of the macrocosmos; and 
furthermore in some of these most complex forms are found 
original patterns which have no counterpart in the patterned 
activity without them; it is in fact an evolutionary series which 
extends from simple organisms like the amoeba through the 
invertebrate and vertebrate species to man. 

Sentience or consciousness is apparently constituted by this 

ability of certain dynamic patterns to weave miniature models 

within themselves, and as they do so they create their own 

microcosmos, and by imposing form upon movement they 

themselves beget material substance (for matter, the scientists 
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tell us, is only movement weaving itself into patterns), and they 
create a world of material objects which continually interact 
one with another. The only matter of which we have any direct 
knowledge is that which we create out of our own being as a 
spider spins its web; matter as we kjiow it is inseparably con¬ 
nected with mind, and both are essential correlates of life and 
personality. 

A human person is one who, imposing form upon his own 
energy, creates thereby for himself a material universe of 
material objects, including living organisms, which he strives 
to bring into harmonious relationship one with another “be¬ 
cause it satisfies the human yearning for order and complete¬ 
ness. ” 29 

“Dust as we are, the immortal spirit grows 
Like harmony in music; there is a dark 
Inscrutable workmanship that reconciles 
Discordant elements, makes them cling together 
In one society . . .” 30 

And what of the body? This is the enveloping pattern wherein 
the model is housed, and it forms a connecting link between the 
macrocosmos and the microcosmos. Itself part of the macro¬ 
cosmos, it derives its energy and the energy for the microcosmic 
model from it, and effects the transformation from the vast 
magnitudes of the macrocosmos to the miniature scale of the 
model, and is itself copied in the model; through the body the 
microcosmos is affected by and itself affects the macrocosmos. 
The human person, the microcosmos, has need of the body, 
and when finally movement ceases to flow any longer through 
the pattern of a human body the human personality associated 
with it also disappears. The personality is constituted, however, 
by the microcosmos which it creates, and not by the body which 
houses that microcosmos, though if the energy of the body be 
deficient or its structure deformed this may very adversely affect 
its creative ability and a poor defective inharmonious personality 
may result. 

If this be true of the microcosmos, then what of the macro¬ 
cosmos? May not this also be the creation of a Person, of One 
who, imposing form upon His own energy, creates thereby for 
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Himself a material universe of material objects, including all 
living organisms, which He strives to bring into harmonious 
relationship one with another because it satisfies the Divine 
yearning for order and completeness? Science can never prove 
it, for science deals only with what can be observed, and the 
human person s observations are limited to his own micro¬ 
cosmos; but has science brought forth any evidence which con¬ 
flicts with the religious beliefs which man has formulated for 
himself? 

Are not the following statements, written by a theologian, an 
apt and concise resume of the conclusions drawn in this paper 
from modern scientific findings? “But this creative, subjective- 
objective character of the personal spirit is limited in created 
being, for the substance and content of life are given to it. The 
human spirit is a subject which must, from phase to phase, je- 
constitute or come to fuller possession of its own object, its own 
nature. This latter is precisely given to it and is often external to 
it; it is dependent on and related to this givenness and exter¬ 
nality. This represents a significant privation and limitation, 
which tends to paralyse human creativity, though of course it 
can never destroy it, for ‘nature’ will always remain for man a 
‘stuff’ within him, of which he must make himself in order to 
be at all; and the distinction of subject and object, within which 
human creativeness is realised, is always a distinction within a 
single unity, notwithstanding the fact that this unity is less 
apparent and is often only implicit at the lower levels of ex¬ 
perience, where subject and object seem more opposed than 
united.” 31 

Or perhaps better still this summary of the mystic poet 
Thomas Traherne: 32 


“This made me present evermore 
With whatsoe’er I saw. 

An object, if it were before 
My eye, was by Dame Nature’s law 
Within my soul. Her store 
Was all at once within me; all Her treasures 
Were my immediate and internal pleasure. 
Substantial joys, which did inform my mind. 
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With all she wrought 
My soul was fraught. 

And every object in my heart a thought 
Begot, or was; I could not tell 
Whether the things did there 
Themselves appear. 

Which in my spirit truly seemed to dwell. 

Or whether my conforming mind 
Were not even all that therein shined. 

O Joy ! O wonder and delight ! 

O sacred mystery ! 

My Soul a Spirit infinite ! 

An image of the Deity ! 

A pure substantial Light !” 
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THE PAST 

P ROGRESS in science is very closely connected with the 
appearance and development of techniques of investiga¬ 
tion, and with their abandonment when newer and better 
methods are found. So it has been in psychiatric genetics. Its 
beginnings are lost in the mists of time, when clinicians gained 
from a study of their patients the impression that mental dis¬ 
order was unusually frequent among the blood-relatives of the 
mentally disordered. The prescientific age was dominated by the 
notion of polymorphism in psychiatry. The heredity of mental 
illness was believed to follow the theories of degeneration and 
anticipation, which inspired not only works of science but also 
of art, such as Samuel Butler s Way of All Flesh and Thomas 
Mann’s epic Buddenbrookj. When the frequency of mental 
disorder in any one family was considered, all abnormalities 
were counted together, no matter how heterogeneous their 
nature in the light of modern knowledge. Under these circum¬ 
stances it was not possible to get any clear understanding of the 
hereditary factor in psychiatric illness, nor was it possible for 

studies in heredity to give any substantial aid to clinical 
psychiatry. 

The great work of Kracpelin laid a firm foundation for 
genetical work, and its solidity was shown by the fact that his 
clinical syndromes were found to be fairly pure genetically. In 
the families of schizophrenics only schizophrenics were found 
in significant excess, and the same was true of other syndromes 
Nevertheless work in heredity suffered from the tendency to 
look for information from the accumulation of pedigrees, and 
to expect to discover modes of inheritance which followed 
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classical Mendelian rules. The preconception of character- 
inheritance still interfered with a grasp of the fundamental 
mechanisms. The one mental disease whose hereditary basis 
was then clearly understood, Huntington’s chorea, seemed to be 
a model which all others in time might be found to follow. In 
the early studies made by the Riidin school in Munich attempts 
were repeatedly made to fit empirical findings with some hard 
and fast scheme of inheritance, and the statistician Weinberg 
was set to building up complex theories, such as that schizo¬ 
phrenia depended on two recessive and one dominant gene, 
which nowadays look absurdly naive. 

It was the achievement of the Riidin school to carry out a 
series of investigations which depended on no theoretical 
assumptions of a theoretical kind. A number of studies of the 
frequency of the various mental disorders in the general popu¬ 
lation established norms against which pathological material 
could be compared. This basic work has not been matched in 
any other country. The task was also taken up of finding the 
frequency of the several distinct psychoses among the relatives 
of various kinds of homogeneous groups of propositi, i.e., the 
frequency of schizophrenia among the sibs of schizophrenics, 
etc. It was a disappointment that these empirical figures did not 
fit Mendelian ratios, but a great practical advance was made, as 
a hereditary prognosis could be given, which would be of ser¬ 
vice in advising the relatives of patients about the wisdom of 
marriage and procreation. The necessary statistical foundation 
was also laid in developing the techniques of evaluating popu¬ 
lations at risk in groups of persons of very various age. 

While genetical work was still in this very rudimentary stage, 
and it was hardly possible to say more than that there was a 
hereditary basis for the endogenous psychoses, a fanatical 
philosophy led to a perverted eugenics, and the introduction in 
Germany of mass compulsory sterilisation. The cruelty and use¬ 
lessness of these measures have done much to discredit eugenics 
in general and to discourage genetical work in psychiatry all 

over the world. 

Nevertheless, the start that had been made led to further 
extensions, and to the introduction of one very significant new 
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technique. Work proceeded on such vital problems as the fer¬ 
tility of the mentally abnormal, the heterogeneity of schizo¬ 
phrenia, the progeny of crosses between homogeneous and 
leterogeneous psychotic strains, the existence of assortative 
mating. Attempts to obtain useful results from the extension of 
the empirical method into familial relations of psychopaths and 
neurotics largely failed. It was left to the new technique, that of 
twin study, to open up the ground in this difficult field. 

Twins had long been of medical interest, but relatively small 
practical use of them had been made until a valid method of 
diagnosis of ovularity, independent of such obstetrical methods 
as examination of the placenta, had been found. Siemens laid 
the foundation for diagnosis by anthropometry, by the com¬ 
parison of bodily measurements, eye-colour, etc., and von 
Verschuer showed that these methods were in fact more reliable 
than the older obstetrical ones. Rapid exploitation of this tech¬ 
nique followed; and a great range of valuable work has been 
done by such men as Lange, Luxemburger, Kranz, and Konrad 
in Germany, and in the U.S.A. by Rosanoff and Kallmann 
Among the psychoses it was found that two-thirds to four-fifths 
of all uniovular twins of schizophrenics and epileptics were 
respectively either schizophrenic or epileptic; and the investi¬ 
gations of the twins of criminals showed that the hereditary 
factors were predominant in character-formation, though less 
‘important than was at first supposed in social behaviour. The 
significance of heredity in the development of personality, well 
established as it is, has still not received adequate appreciation 
in general psychiatry, where this concept has run counter to 

psychodynamic trends derived from the immense and increasing 
popularity of psychoanalysis. h 

In the field of mental deficiency it was left to British rather 
than German investigators to make the significant advances. 
1 he medical approach to the problems of mental deficiency was 
inadequate to do more than to establish the existence of a specific 
genetic factor in such rare conditions as amaurotic idiocy epiloia 
and phenylketonuria. The sharp distinction which must be 
drawn on aetiological grounds between pathological and physio¬ 
logical forms of mental defect, between the idiots and imbeciles 
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and the feeble-minded, appeared only from quantitative studies 
on the firm foundation of an adequate statistical approach 
developed by the Pearson school of biometricians. Much more 
was gained from the study of normal populations than from 
familial or even twin studies of the abnormal. The existence of 
precise, reliable and standardised intelligence tests, which we 
owe not to medical men but to psychologists, provided the basis 
for theories of multifactorial inheritance, which had been 
beyond the mental horizon of the empiricists. 

1 he appreciation of the significance of multifactorial inherit¬ 
ance in explaining the hereditary background for conditions of 
a quantitatively variable kind which are found widely distri¬ 
buted in general populations, has altered our ideas about the 
genetics of bodily constitution, temperamental traits of person¬ 
ality and such abnormalities as psychopathic personality and 
neurosis. Genetics here has come to the help of clinical 
psychiatry, and has taught us not to expect to find cleanly de- 
imited types of bodily build such as pyknics, athletics and 
asthenics, but rather dimensions of variation; and the same 
concept may be extended to cover such quantitatively variable 
features as personality traits and resistance to physiogenic and 
psychogenic stress. The approach that can be seen between the 
sciences of genetics, psychology and psychiatry, and the exist¬ 
ence of precise and flexible statistical weapons, indicate wide 
horizons for future work. 

THE FUTURE 

Genetics is one of the basic biological sciences, and progress in 
psychiatric genetics is a contribution towards the building of a 
sound biological foundation for psychiatry. We must expect 
from genetics rather an elucidation of the nature of our 
problems than an immediate aid in prophylaxis and treatment. 
This does not mean that some application of theory cannot 
already be made. Kallman 1 has recently made the very interest- 
ing suggestion that twin work in schizophrenia might be the 
starting point for fundamental work on the pathogenesis of the 
disease. Any pair of uniovular twins that can be discovered, of 
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whom one only suffers from schizophrenia, should be subjected 
to thorough investigation, e.g., along biochemical lines, in the 
expectation that differences between the healthy and the diseased 
twin might throw light on the nature of the disease process. 
Such an experimental procedure might well be much more pro¬ 
ductive than mass studies on large numbers of patients, not 
specially chosen for clinical uniformity. 

I he application of theory to eugenics and the prophylaxis of 
mental disorder has recently been discussed by Fraser Roberts 
and Slater. - In the psychoses and specific forms of mental defect 
such application is best confined to advice in the individual 
case; a wide social application is only possible and desirable in 
physiological mental defect. There are good grounds for 
believing that there is a negative correlation between intelli¬ 
gence and fertility, that, in fact, present tendencies are highly 
dysgenic. The genes responsible for multi factorial inheritance 
are very susceptible to quite minor selective processes, such as 
are involved in social traditions and public custom; and changes 
in the gcnctical constitution of populations, rapid on the his¬ 
torical scale, arc quite possible. An attempt to convert a pre¬ 
vailing dysgenic into a eugenic tendency would have to be 
based, not on such measures as the sterilisation of defectives, 
which would only affect a fringe of the population, but on an 

alteration of the general attitude towards reproduction through¬ 
out the public. ^ 

In mental deficiency a relatively small part of the total social 
disability is caused by the organic disorders responsible for 
idiocy and imbecility, the really important part being caused by 
non-pathological feeblemindedness and backwardness. In the 
same way in general psychiatry it is the neuroses and psycho¬ 
pathies rather than the psychoses which produce the major 
amount of social incapacity, ill-health, unemployment, dis¬ 
ordered marital and parental relations, unhappiness and friction. 
The neuroses and psychopathies are no doubt in part environ¬ 
mentally determined; in so far as they are genetically caused 
the responsible genes must be multifactorial. Genetical research’ 
therefore, should be based in the first place on a study of normal 
variation. Little advance could be made with intelligence until 

M b 
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estimates could be made of normal means and standard devia¬ 
tions; analogous estimates are needed for a solution of the 
problems of temperament and personality. It seems likely that 
the best approach would be along physiological lines. 

It is to be hoped that one day, by the investigation of random 
samples of the population, we shall have reliable means and 
standard deviations of the principal physiological variables, and 
t leir inter-corrclations, and their responsiveness to various types 
of stress. One thinks of such things as blood pressure, adrenalin 
concentration in the blood, electrical skin resistance, E.E.G. 
wave pattern, speed of autonomic and neuro-muscular reaction, 
etc. We would then have a foundation for the determination of 
such neurotic dispositions as the anxious temperament. Family 
investigations would then give us an idea of how and how far 
these qualities were inherited. The prospect of arriving at such 
standards seems a distant one, as few investigators are interested 
in the study of the normal, and fewer still in the statistical 
investigation of populations. Although it is a less fundamental 
approach, we are likely to get help sooner from psychology than 
from physiology. Psychologists are accustomed to thinking 
along these lines, and it would seem natural to them to take 


methods of investigation which have proved so successful in the 
study of intelligence for use in the study of temperament. A 
valuable start in this direction has already been made, notably 
by Eysenck 3 ; the application of his methods to genetically 
related individuals, such as pairs of sibs, seems a promising line 
of attack. 


The studies in fertility which have proved of such social sig¬ 
nificance in the matter of intelligence might also be extended 
into the psychiatric field. So far the only work here has been on 
the psychoses. We have no knowledge about the fertility of 
neurotics and psychopaths; and the study of clinically differ¬ 
entiated groups might prove very important. It may well be 
that there are changes going on, not only in national intelligence 
but also in the national character. 


The significance of electroencephalographic work for the 
physiology of personality has been mentioned; genetical aspects 
will also prove important. From the work of Lennox and the 
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Gibbses the general form of wave pattern is largely determined 
by heredity; the records of uniovular twins are so alike that the 
ovularity of a twin pair can be diagnosed with only a small 
frequency of error. 1 he working out of normal standards both 
in resting record and under response to stress is needed, and 
from the gcnetical point of view would be best in the quanti¬ 
tative form that the advent of the frequency analyser promises. 
From normal standards one might then proceed to the investi¬ 
gation of familial relationships and to the study of the abnormal. 
It does not seem likely that we shall get far on the present basis 
of a purely qualitatively estimated “non-specific abnormality,” 
and dysrhythmia” is likely to remain an enigma so long as 
such arbitrary concepts are used. The association of E.E.G. 
abnormalities with psychiatric conditions other than epilepsy, 
which have a hereditary predisposition (such as obsessional 
states), suggests that constitutional variation in E.E.G. patterns 
will have many points of contact with clinical psychiatry. 

The E.E.G. is but one of the new techniques which may have 
a profound effect on the advance of psychiatric genetics; 
serology is now in the position to add another, of which perhaps 
even greater things can be expected. There are now about eight 
chromosomes which have markers in the form of genes of 
known and easily identifiable effect, and of sufficiently frequent 
appearance. The sex chromosome is readily identified, and there 
are satisfactory markers for other chromosomes in the blood 
factors, ABO, MN, Rh, P, and in the gene controlling the 
ability to taste phenylthiocarbamide as a bitter. If we were to 
follow the inheritance of a psychiatric abnormality such as 
Huntington s chorea, which depends on a single gene with a 
high rate of manifestation, and to couple with it tests for the 
presence of these known markers in affected and unaffected 

members of f am ily, we would therefore have one chance in 

three of finding that the psychiatrically morbid gene lay on the 
same chomosome as one or other of the markers. Refined statis¬ 
tical methods have been developed by Haldane, Penrose and 
others, which allow the efficient use of family material for 
demonstrating the presence or absence of linkage. Some use has 
already been made of these methods, though not in psychiatry, 
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and there is evidence that the gene for sickle-celled anaemia is 
on the same chromosome as the MN genes. We have therefore 
taken a first step in the building up of a chromosome map for 
the human autosomes. Thanks principally to Haldane, the 
relative positions of a number of genes on the X chromosome 
are already known. 

If a morbid gene can be linked with a marker the possibilities 
of future work of greater precision are much enlarged, and such 
work might have the most radical consequences for psychiatry. 
In the realm of practical eugenics it would be of great signifi¬ 
cance. It is at present impossible to detect the carriers of the 
Huntington gene before they develop the disease, though the 
work of Minski and Guttmann 5 supplies the hope that some¬ 
thing might yet be done in this direction along clinical lines. 
If, however, the Huntington gene was found to be closely linked 
with an easily detectable marker, it would become possible in 
Huntington families to predict with some accuracy which mem¬ 
bers were susceptible to the disease, and to warn them against 
reproduction. 

When we turn to the perennial problem of schizophrenia 
such practical possibilities are dwarfed by the theoretical poten¬ 
tialities. It is still much in dispute whether there are many 
different genes responsible for schizophrenic psychoses, or per¬ 
haps only one, and whether recessivity or dominance is the rule. 
Linkage investigations extended over a very large number of 
families in which more than one member was schizophrenic 
might well show decisively whether we must think of the 
genetical basis of the disease as homogeneous or heterogeneous; 
and in the latter case linkage studies would give us a firm 
foundation for the description of axiologically distinct syn¬ 
dromes. Etiology once established, we could then proceed along 
the lines of biochemical investigation, and, by other appropriate 
methods, towards a solution of the pathogenesis. 

For many years, on the original initiative of Sir Frederick 
Mott, there has been accumulated at the Central Pathological 
Laboratory at the Maudsley Hospital (now the Research Labora¬ 
tory of the Institute of Psychiatry of the University of London) 
a card index of all patients admitted to the hospitals of the 
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L.C.C. Mental Healtli Service (now hospitals of the various 
Metropolitan Regions) who were known to have had a relative 
similarly admitted at one time to one of these same hospitals. 
1 he treasury of material has never yet been properly exploited. 
One of the most profitable lines would be to use it for the link¬ 
age experiments already discussed, combining that with a clini¬ 
cal evaluation of the syndromes shown by genetically related 
individuals. 

Work of this kind was done by Kraulis 6 in Finland, although 
he made no use of linkage techniques, and his material is far 
from fully described. Nevertheless, he showed that the classical 
distinctions between manic-depressive and schizophrenic ill¬ 
nesses did not always maintain themselves in individual families, 
and that related individuals did not always show the same type 
of psychiatric picture. Work along these lines would have t le 
valuable end of showing what is genetically constant in particu¬ 
lar syndromes, and what features must be put down to other 
causes than the specific morbid genes. 

Many other uses might be devised for the Mott material, such 
as the correlation of ages of onset between sib pairs, a technique 
which in the hands of Haldane yielded information of theo¬ 
retical significance in Friedreich’s ataxia; or an enquiry into the 
influence of age in affecting the form of symptomatology of 
mental illnesses. Valuable for genetical purposes would be an 
enquiry into the children of parents both of whom at some time 
became psychotic; this would, of course, involve extensive field 

v Y or k* ^ ls not .yet known how such accumulations of data as 
the Mott material will be affected by the regional organisation 
of the National Health Service; it is by no means unlikely that 
the facilities for making and for using such collections will be 
increased. In the University Institute of Human Genetics in 
Copenhagen, under the direction of Professor Tage Kemp it 
has been possible to collect primary notifications of all cases’of 
hereditary diseases occurring in Denmark, so that the material 
is gathered for comprehensive and nation-wide studies of 
individual conditions. A large organisation is involved, with 
intimate co-operation with the various hospitals of the kingdom 
It may not be possible to establish anything on so large a scale in 
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this country. Nevertheless, the nuclear collection, which was so 
far-sightedly laid down and fostered in the one-time Central 
Pathological Laboratory, may prove a seed from which a profit¬ 
able harvest may perhaps one day be gathered. 
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INTRODUCTION 

T HE passing years emphasise the importance of remaining 
a student throughout life, and perhaps something of this 
was in the mind of Sir Thomas Browne when he wrote : 
We do but learn today what our better advanced judgments 
will unteach tomorrow.” The quest for truth, the goal of the 
research worker, is sometimes as elusive in psychiatric research 
as in a criminal court, and we must often be content to deal with 
parts instead of wholes. 

Progress in the practical application of the principles of social 
science largely proceeds by the method of trial and error, and we 
must regard the study of crime and criminals from the point of 
view of the social hygienist. We must also accept the fact that 
progressive ideas take time before they attract the interest of 
others, since often the public must be satisfied before policy can 
adopt the proposals of the enthusiastic research worker. This 
may be all to the good if it corrects the view, sometimes ap¬ 
parent, that change and progress arc synonymous terms. 

So it becomes necessary for the research worker in social 
science to cultivate patience as well as honesty of purpose, and 
he may be more satisfied with life if he looks upon lis work as a 
vocation as well as a career. He may, perhaps correctly, believe 
that more liberal attention is given today to the results of scien¬ 
tific research than formerly. And as time passes he may believe 
that the lessons of the past and of the present can be usefully 
applied to future problems. I do not hesitate, therefore, to deal 
briefly in this order with the material selected for consideration. 
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RETROSPECT 

At the end of the last century, and in the early years of the 
present, forensic psychiatry was only concerned with imbecile 
and insane offenders in the criminal courts. The Inebriate Act, 
1898, made provision for the compulsory detention in reforma¬ 
tories of the worst class of drunkards, and feebleminded and 
subnormal persons received special consideration in prison. But 
it was not until the Mental Deficiency Act, 1913, came into 
operation at the conclusion of the First World War that the field 

widened. "I oday the forensic psychiatrist is concerned with all 
varieties of mental abnormality. 

I he great reformers of the past were mainly concerned with 
the general betterment of offenders; they were little interested 
in the relation of crime and mental disorder. Those who specu¬ 
lated upon the causes of crime disregarded the now generally 
accepted view that crime, like other forms of behaviour, is the 
resu t of many factors: eugenic, social, physical, psychological, 
psychiatric and spiritual. 1 oday various societies and organisa¬ 
tions are interested in a specialised approach to the problem of 
crime and the individual criminal, and are ready to consider 
their findings with those of other workers. There can be little 
doubt that progress in this matter is largely due to the wider 
interests of certain sections of the public resulting from modern 
education and modern facilities for the interchange of opinions, 
to the fact that in many directions science has stimulated 
curiosity by revealing something of its purposes and results, to 
the dynamism of modern psychiatry, to the teachings of Freud 
and his followers as well as others, and to the emotionally laden 
discussions which occur regarding the correctness or falsity of 
some of the hypotheses we are asked to accept. Much progress is 
due to the fact that experienced workers in many countries have 
been attracted to the general problem of crime, whilst others 
have applied themselves to the task of bringing psychology and 

psychiatry into closer relation with anti-social and criminal 
behaviour. 

It is perhaps significant that the word “penology,” the study of 
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punishment, has been generally replaced by the word ‘'crim¬ 
inology,” the science of criminal behaviour. 

The association of crime with mental abnormality was 
exaggerated in the past when physical characters were recog¬ 
nised to be of comparatively little importance as crimogenic cor¬ 
relates, and truth-seekers turned to the mental aspects of crim¬ 
inality for alternative explanations. 

Acquisitiveness, aggressiveness, sexuality and other innate 
qualities must be controlled in a well-ordered society, and cor¬ 
rective measures become necessary if social approval and disap¬ 
proval fail to maintain social security. Even when the lesson is 
learned it may unexpectedly fail in times of stress. The diffi¬ 
culties associated with every-day life during the Second World 
War not only caused thefts and assaults by criminals during the 
black-out hours, but prompted many individuals to evade the 
necessary but irksome restrictions which were legally imposed 
in order to secure the safety and well-being of all. It is also 
common knowledge that post-war restrictions have resulted in 
a still rising crime rate, and that modern frustrations have ex¬ 
posed the criminal potentialities of a large number of people. It 
las shown beyond conjecture that crime is not a disease unless 
we are ready to believe that a majority of people are sick and 
require, not a physician, but an amendment of the law to cure 
them. Rather may we believe that emphasis should be placed 
upon the fact that as a rule crime is not attributable to mental 
disease unless the latter word is extended beyond reason. 

Offences may appear to be due to mild states of mental dis¬ 
order when they are attributable to other causes. In the earlier 
years of this century several aged offenders frequently returned 
to prison apparently because their mental condition prevented 
them from floating in the general population. But examination 
and the voluntary statements of many showed that an appre¬ 
ciable proportion committed minor offences, such as window¬ 
breaking, particularly in the winter months, in order to obtain 
maintenance and shelter in prison in preference to, and to escape 

alte T , rnative and leSS con § enial «fe in a workhouse. 
I he Old Age Pension Act, 1908, relieved those aged seventy and 

over—who, during the previous ten years, had not been sen- 
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tcnccd to imprisonment without the option of a fine—from 
either alternative. Improvement followed when the Act of 1919 
only disqualified for an old-age pension the offender whilst he 
served his sentence of imprisonment or penal servitude. 

The above does not lessen the importance of the association of 
crime and mental disorder. Although about 1 per cent, of the 
prison population is insane and a rather less proportion men¬ 
tally defective, an unknown proportion, estimated somewhere 
between, say, 5 and 15 per cent., are subnormal, psychoneurotic 
or psychopathic personalities. They are particularly liable to 
repeat their offences and return to prison if their mental condi¬ 
tion is neglected. Some are a menace to society. Obviously, we 
do not know how many psychotics, psychoneurotics and defec¬ 
tives would commit crime if they were not segregated, and 
various estimates are made as to the number of psychoneurotic 
and psychopathic personalities in the general population. 

Apart from advances in diagnosis and treatment, psychiatry 
has benefited the study of criminals by insisting upon the im¬ 
portance of the social and general background of those who are 
mentally ill, since similar considerations have been found in¬ 
structive when assessing the causation of behaviour in people 
who break the law with or without the excuse of associated 
mental disorder. I have suggested elsewhere that crime appears 
to be particularly related to environment in maturity, and to per¬ 
sonality as age advances. When this is so the appropriate method 

of dealing with the case may emerge. 

Psychiatrists have also caused an advance by emphasising the 
significance of emotional reactions whilst not detracting from 
the validity of intellectual disablements. It had, of course, long 
been recognised that certain crimes, particularly those of vio¬ 
lence and sex, were primarily emotional. But it is comparatively 
new for offences such as theft, arson and the like to be linked 
up with unapparent emotional factors. 

As I see the matter a great contribution of modern psychiatry 
to forensic situations has been the clinical differentiation of the 
psychoneuroses and psychopathic personality states. It must be 
admitted, in regard to the latter, that much field work is still 
necessary before even broad agreement can be reached among 
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disputants concerning the classification of the different types, 
and that their psychopathology remains elusive. Nevertheless, 
there seems no justification for defeatism or for giving up efforts 
to make our acquaintance with these individuals more intelli¬ 
gent. For even if many psychopathic personalities never reach 
the consulting room or mental hospital, there can be no doubt 
that crime in unexpected situations is sometimes attributable to 
this group of offenders. 

Accepting this, we open up another important line of research 
—namely, how to treat such of these offenders who are treat¬ 
able, and how to deal more appropriately with those who are 
not amenable to ordinary punitive methods, or to the methods 
of general psychiatry, or to individual or group psychotherapy. 

Here we impinge upon another forensic problem. Although 
the psychoneurotic and psychopathic personality is usually re¬ 
sponsible in law, is it entirely satisfactory to regard such offender 
as culpable as the ordinary law-breaker? In civil life he is liable 
for Ins acts. But are the usual sanctions equally appropriate in 
some criminal situations? Experience leads me to believe that 
many of these cases should be regarded as responsible, but a few 
pass far beyond the limits of normality. The sanctions applied 
to mentally defective offenders, to certain conditions associated 
with drunkenness, and to some women found guilty of infanti¬ 
cide are modified in their favour. And the psychiatrist may be¬ 
lieve when a crime is directly attributable to a well-established 
psychoneurosis or psychopathic personality state that a modified 
punishment may be appropriate in some cases. 

We are here largely concerned with emotional and volitional 
variations from the normal, any assessment of which is notori¬ 
ously elusive. The variations cannot be satisfactorily estimated 
tor forensic purposes in operational terms based upon opera¬ 
tional laboratory tests, and personal values and ideas of nor¬ 
mality may be misleading. A further difficulty arises. If this 
type of offender is a menace or serious nuisance to society and 
social security it may be necessary to segregate him for a time 
Many are so unreliable that segregation other than in a penai 
institution may be ineffective and impracticable. If the ordinary 
short sentence of imprisonment is imposed it may prove inap- 
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propriate because it does not afford medical treatment sufficient 
time or opportunity to change the offender’s style of life. On 
medical grounds a longer sentence than usual—but still within 
the present legal limits—may be advocated. It almost seems, 
however, that the public are not yet satisfied that this is neces¬ 
sary, and the judiciary seldom impose severe sentences in many 
of the cases. 

What is the solution? In cases where probation is justified in 
the interests of the public as well as of the offender, and assum¬ 
ing that an experienced psychiatrist after due examination con¬ 
siders psychological treatment may assist in the rehabilitation of 
the offender, and the court is satisfied that the accused requires 
and may be susceptible to treatment, such treatment by a duly 
qualified medical practitioner for a period not extending beyond 
twelve months may be made a condition of a probation order 
under the provisions of the Criminal Justice Act, 1948. In cases 
where a prison sentence is necessary psychotherapy has been 
applied for many years in carefully selected cases as a part of the 
prison medical treatment. Hubert and East 1 recommended that 
a special institution under the administration of the Prison Com¬ 
mission be established for the special treatment of this type of 
case on colony lines. The recommendation has been officially 
accepted; post-war conditions still delay its inauguration. 

In this matter we must be prepared for failures. Some will be 
due to unsuitable selection of the cases and should be avoided. 
Some will be due to incidental factors operating during the treat¬ 
ment. The public as well as the courts will require to exercise 
patience whilst we are still feeling our way in the matter. And 
here I am reminded that Smith Ely Jeliffe 2 in a well-known 
passage declared some years ago, ‘ . . . the vast majority of 
ideas held by the community—/.^., those who dwell in tene¬ 
ments—are apt to be hooey, rannygazoo or bunk, as you prefer, 
and I grieve to say it, but I believe it to be true that in medicine 
as well there are more tenement-house minds than those who 
dwell in brownstone houses.” 

There can be no doubt that in our approach to a better under¬ 
standing of the psychoneurotic and psychopathic personality 
groups of offenders we require brownstone house minds, and 
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must eliminate those who would interfere and delay progress 
because they are tenement minded. 

Forensic psychiatry owes, and will continue to owe, much to 
the clinical and laboratory researches of neuropsychiatrists. A 
practical illustration of this is seen in the criminal courts when 
electroencephalograph ic results supply evidence of a constitu¬ 
tional predisposition towards psychiatric illness. But although 
the majority of epileptics show abnormal rhythms in the record 

in the cortex, there is no reason to disagree 
with Maudsley s dictum that ‘‘an epileptic person may be quite 
as sane as one w r ho is not so afflicted, and in the event of his 
doing murder quite as responsible.” 

The electroencephalographs record may be useful corrobora¬ 
tive evidence in cases where epilepsy is suspected from the 
anamnesis and the circumstances of the crime. The electro¬ 
encephalographs studies of Hill and Watterson 1 and others on 
aggressive psychopaths and inadequate psychopaths also pro¬ 
vide useful adjuncts to diagnosis. Again, localised brain injury 
is sometimes put forward as an exculpatory factor in a criminal 
charge, and the electroencephalographs record in individual 
cases may assist in supporting or rebutting the suggestion. Gibbs'"’ 
found focal abnormality was not recorded in 1,000 control sub¬ 
jects, but was present in 83 per cent, of fifty-three cases with 
neurological evidence of local brain damage. 

Modern psychologists also have aided progress. Not merely by 

bringing to the notice of the public their internal disputes 

thereby demonstrating for all to see the difficulties as well as 

the importance of the subject, but by focusing attention on 

the problems of normal behaviour and the effects of mental 
mechanisms. 


But 1 have no doubt that progress is delayed when witnesses 
alienate public sympathy and interest in the relation between 
mental abnormality and crime by unwarranted assertions bv 
presenting assumptions as facts, by unnecessarily using unintel¬ 
ligible jargon, and by failing to realise the fact that a scientific 
explanation may not be a valid excuse for committing a crime. 

I he study of sexual crime has contributed much in recent 
years to a better understanding of instinctual urges when 
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directed towards criminal purposes. It is not too much to hope 
that future study relating to other instinctual activities will assist 
in the better understanding of criminal behaviour. We may 
assert with some degree of confidence that the usual penal 
methods will often prove to be inadequate to prevent the com¬ 
mission of sexually perverted crime. We may hope that research 
directed towards the study of perverted aedvity associated with 
the acquisitive, aggressive, parental and gregarious urges will 
enable us to determine whether the usual penal methods will 
fail here also. Additional knowledge may clear the way for the 
introduction of new methods for treating non-sexual perversions 
and for protecting society against them. 

In the prevention of crime psychiatric treatment may assist. 
We have long recognised that crime is occasionally attributable 
to early mental disorder, and that an offender may be unavoid¬ 
ably discharged from prison at the expiration of his sentence in 
spite of the fact that mental deterioration may declare itself, and 
may be a causal factor in a future crime. This occurs, perhaps, 
most frequently in early schizophrenia. Sargant and Slater, 0 
discussing the insulin treatment of this illness, state that the 
prognostically favourable patients selected for admission to the 
Maudsley Hospital showed 34-5 per cent, of social recoveries 
when followed up for three years; 70 per cent, of the patients 
selected for insulin treatment recovered in the same hospital at 
a later time. In both groups the illness had not lasted longer than 
a year. Whether the recoveries will be maintained is not yet 
known, but insulin used in carefully selected early cases may 
prove a useful weapon in the prevention of crime due to some 
cases of early mental disorder. States of mental depression are 
frequently an important cause of crimes of violence, and in some 
cases convulsive therapy has, perhaps, an occasional place in the 
prevention of crimes of this nature. 

Reference is made to these well-known methods of treatment 
because I believe that there is a tendency for magistrates and 
others to over-emphasise the place of psychotherapy in the pre¬ 
vention and treatment of crime when considering medical treat¬ 
ment as a condition of a probation order. The Criminal Justice 
Act, 1948, however, does not specify the kind of medical treat- 
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ment, and the probationer may be treated as a resident or non¬ 
resident patient. 

In our present state of knowledge the undesirable results 
which sometimes follow the operation of prefrontal leucotomy 
may limit its use in criminal cases. Discussing contraindications 
for leucotomy, E. L. Hutton’s' conclusion that the basic char¬ 
acter and outstanding traits of the total personality are of greater 
importance for assessing the probable results of the operation 
than the particular type of mental disorder from which the 
patient is suffering may be significant in criminal cases. She 
discusses three failures; all showed egoism and lack of social 
adjustment, they had a poor work record and none of them 
achieved any real success, nor had they given much evidence of 
any real altruistic affection. These qualities are frequently found 
in criminals. Elsewhere 8 she states that in some patients a change 
has been noted in the moral aspect of their character, and m 
most the change is for the worse. Nevertheless, I do not dis¬ 
regard Golla s J suggestion that “the central nervous system can 
reorientate itself. ... If there is dysfunction in one direction 
another will take on its function.” Further, the Board of Con¬ 
trol 1 " reserves its decision upon the effect of the operation on the 
finer qualities of the patients. 

It seems that the treatment of an offender by narcoanalysis 
may present a difficulty if he discloses, under the influence of 
the drug and in answer to questions, matter which directly or 
indirectly associates him wit 1 a serious crime which should be 
communicated to the police. It may be added that G. J. Train” 
found that the commonest group of initial responses to narco¬ 
analysis was characterised by spontaneous and coherent speech 
which revealed significant material. The therapist may not 
always feel able to remain inactive if the statement appears to be 
too circumstantial to be due to phantasy. The method of obtain¬ 
ing information in the general affairs of life by means of the 
administration of alcohol may seem reprehensible to many and 
although the same charge may not apply to the intravenous use 
of narcouc drugs the public are very sensitive to any measure 
which seems to place the offender at a disadvantage. 

Perhaps in few conditions is treatment so exclusive as in 
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alcoholism. The fact that individual practitioners claim priority 
for treatment by apomorphine, by autoserum, by psychotherapy 
and the like, suggests that the good results are largely associated 
with the confidence of the therapist in his method. If the re¬ 
searches being carried out by MacLeod at the Burden Neuro¬ 
logical Institute in the laboratories of Professor Golla bring us 
nearer to ascertaining the answer to the question, Why do 
people like to drink alcohol? we may hope that an important 
advance will be made in the prevention and treatment of alcohol¬ 
ism and alcoholic crime. 


PROSPECT 

From time to time unexplained irritability and mild de¬ 
pression appear to be outstanding factors in causing a crime of 
violence. And since vitamin deficiency may be associated with 
syndromes in which fatigue and depression are features, since 
also synthetic preparations of vitamins render research more 
practicable, future psychiatric investigations on these lines may 
perhaps prove valuable in the prevention of crime. 

Perhaps, too, we may hope that the endocrinologist may also 
take a part in the prevention of crime occurring in cases of pre¬ 
cocious puberty and involutional states. Moreover, some male 
homosexuals are feminine in build and manner, and endo¬ 
crinological research may show the way to avoid the dangers 
and handicaps which affect some of these unfortunates during 
much of their lives. 

In criminal cases it may be important to differentiate a per¬ 
sonal deviation from a disorder of behaviour. If personality is 
regarded as a complex whole, determining and being deter¬ 
mined by the environment, seeking safety and satisfaction as 
well as freedom from pain and disapproval, constantly alert in 
moderating the natural urges so as to make life possible in a 
social community, it would seem that the former term expresses 
a permanent and distinctive deviation of the individual, mainly 
due to inherent causes whose effects differentiate him from 
others. On the other hand, a disorder of behaviour may be ac¬ 
cepted as a dynamic alteration of the patient from his usual self 
and from the behaviour of others who are looked upon as 

792 



FORENSIC PSYCHIATRY 

normal. Such alteration is usually accepted as being the result of 
known or assumed pathological causes. I believe that furdier 
work differentiating these phenomena is desirable as we become 
more alive to the importance of studying the non-sane, non- 
insane offender. 

Neuropsychiatric research may throw fresh light on certain 
medico-legal situations. I he forensic psychiatrist awaits further 
information regarding hyperventilation, hypoglycemia and 
hydration in association with crimes of violence. Are we, for 
example, satisfied that murder should be reduced to manslaugh¬ 
ter because of self-induced non-alcoholic excessive hydration? 

The extension of psychiatric clinics may increase our know¬ 
ledge of behaviour which is occasionally associated with crim¬ 
inal conduct. Studies of criminal twins have provided inter¬ 
esting results. But the number of cases published is few and die 
study of the social behaviour of identical twins may well repay 
the observer. Again, what is the relation, if any, to transvestism 
of the present trend of youths to grow their artificially waved 
hair so luxuriantly. Do they comb it in public and dress in an 

effeminate style as a pose, a sport of fashion or to satisfy a trans¬ 
vestite urge? 

It seems that these and similar matters could be studied and 
recorded on a more satisfying scale if a research programme was 
agreed upon by a group of clinicians. At the present time much 
valuable work is being carried out in many places on the subject 
of juvenile delinquency. But the researches lack co-ordination. 
It also seems that in this and other directions in the study of 
social psychiatry the time has come when combined efforts are 
required to elucidate some of our ever-widening problems. 

Special interest would be attached to the results of prolonged 
mental analysis in cases of criminal behaviour. We have been 
enlightened by some American studies (e.g., those of B. Karp- 
man 12 ’ 13 ). But the number of cases published is too few for the 
forensic psychiatrist to form a firm judgment as to the rightful 
place of this form of treatment in criminal cases. It may be hoped 
that the results of the work being carried out at Wormwood 
Scrubs Prison by J. C. Mackwood and others in individual and 
group psychotherapy will be available before long. 
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lo be well informed on this subject both in regard to the 
selection of cases and the limitations when dealing with offenders 
has become increasingly important in view of the provisions of 
the Criminal Justice Act, 1948. It would be disastrous if psycho¬ 
therapy in this field became strangled by undiscerning enthu¬ 
siasts. There is general agreement diat the criterion for this form 
of treatment is subjective anxiety, not the objective criminal act. 
Willing co-operation is not enough. In this connection anxiety 
is an active driving force, willingness often has no more than a 
passive and transient effect. Young, 14 discussing the advantages 
and disadvantages of psychotherapy in prison founded on his 
experience at Wormwood Scrubs Prison, states : “Psychotherapy 
is carried out under an unusual form of stress (in prison) in isola¬ 
tion from normal contacts, the encouragement of friends, and 
from opportunities to test the progress made, and in conditions 
which are often disadvantageous in other ways. On the other 
hand, the desire for cure has an added urgency to most 
prisoners, and the environment an abnormal freedom from 
extraneous distractions, though there is also an artificially 
heightened news value, both for the patient and other prisoners, 
which may injure co-operation and transference at a stage when 
the loss is not easily recovered.” 

I would add that in my view the psychotherapist should not 
occupy an administrative post in the prison, and he should be 
specially selected for the work. 
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INTRODUCTION 

I N 1939, when I returned hurriedly to England at the out¬ 
break of our war with Germany I did not think my chances 
of visiting America again were very high. At that time we 
did not have the atom bomb to dread, but the possibilities of 
gas, of blitzkriegs, of total warfare were sufficiently disturbing. 
However, I am glad I proved to be so wrong. One also has 
interesting psychiatric memories of that same period. How 
wrong we were, for instance, about the psychiatric possibilities 
of the coming war. Thousands of neurotic casualties and mass 
hysteria were expected in the first raids on London. These 
things did not happen. Nor did psychiatric treatment during the 
war turn out as it was expected. Many thought we were going to 
see the emergence of a more purely dynamic psychotherapeutic 
approach. But what we found in practice was that a whole 
variety of types of treatment had to be employed. Besides the 
careful selection of personnel and the elimination of the unfit, 
treatments such as “front-line” barbiturate sedation, the use of 
drugs to facilitate abreaction and break up recently formed 
hysterical patterns of behaviour, continuous narcosis, varied 
insulin techniques, electroshock and group therapy were among 
the more successful, diverse, and practical methods of handling 
our wartime psychiatric treatment problems. In two years since 
the war, such a multidimensional approach to treatment is still 
proving its usefulness. 

Today, I feel I can contribute most by discussing some purely 
personal impressions of actual treatment experiences in the last 

7 97 



PERSPECTIVES IN NEUROPSYCHIATRY 

eight years in England. I have been very fortunate in my oppor¬ 
tunities. Leaving the pleasant life of Boston, I found myself 
transplanted to an institutional building on the outskirts of 
London used previously for training and rehabilitation of un¬ 
employed persons. This was to be one of the evacuation centres 
of the Maudsley Hospital for the duration of the war. Large 
wards, rapidly filled with hospital beds, proved admirable for 
the neurotic and early psychotic cases who could be treated in 
an atmosphere of freedom from the usual restraints associated 
wi th so many mental hospital buildings. The presence of an 
electrified railway running through the grounds, water tanks, 
high-storied buildings and unbarred windows may have in¬ 
creased our anxieties, but it also forced us to learn to treat our 
patients as actively and effectively as possible so that disasters, 
such as resort to suicide, were reduced to a minimum. A large 
unit of surgical and medical beds staffed by specialists added to 
a general hospital atmosphere. With the war over, the medical 
and surgical patients have gone, but the hospital has remained 
open and the psychiatric beds are being increased to four 
hundred. We are now able to apply there the lessons of treat¬ 
ment learned during the war in helping the ordinary civilian 
patient. 

WAR EXPERIENCES 

Throughout the eight years it has been my very good fortune 
to have been allowed to devote my whole time to the active 
treatment of patients in hospital. Fifteen thousand civilian and 
military cases have passed through the wards of Sutton Emer¬ 
gency Hospital* alone. Out-patients have also been seen all 
during this time at the Maudsley Hospital; the wards themselves 
had to be closed temporarily during the war but are now re¬ 
opened. Opportunities of treatment and research were showered 
upon us at Sutton in more senses than one. Following the 
“phoney” war period of 1939, we suddenly found ourselves the 
acute reception station for the Dunkirk survivors who came 
back through this south-east part of England in 1940. Then we 
had to switch over rapidly to deal with additional casualties 

* Recently renamed Belmont Hospital, Sutton. 

198 



TREATMENT 


from the Battle of Britain, which was also fought in our area of 
England and sometimes above our heads. The many months of 
the London blitz of 1940-41 then followed. Bombed ourselves in 
day and night raids, losing over 20 patients killed in a direct 
hit on the hospital, we were nevertheless able to study, in such 
an experimental set-up, the first-aid treatments of neurosis that 
were later to be adopted by both British and American armies. 
For it was immediately after these experiences, when few would 
at first listen, that we were already suggesting that such treat¬ 
ments as “front-line” barbiturate sedation, continuous sleep, 
modified insulin, drug abreaction of traumatic battle experiences 
were the kind to be adopted on a large scale, rather than concen¬ 
trating on more purely psychotherapeutic approaches so popular 
at that time in the hand ling of the neuroses. 1 ' 6 

At the risk of boring you, I do want to dwell a little on this 
early Dunkirk and Battle of Britain period because I think it 
teaches some lessons important to future general aims and 
methods in psychiatric treatment. At that time we had a number 
of the more doctrinaire type of psychotherapists working in the 
neurosis treatment centres in England. Before Dunkirk, some of 
them seemed fairly confident that they held the key to the sort 
of treatment that was likely to be successful during the war. We 
did not see or hear so much from them about individual treat¬ 
ment problems later. Many seemed to go eventually to other 
work such as personnel selection, advising on morale, diagnostic 
and general advisory duties, or to the running of rehabilitation 
camps, etc., anything, in fact, except the more exacting task of 
trying to get the patient in hospital well again by individual 
psychotherapeutic treatment. Why was this? There were 
numerous reasons, including the psychiatric expansion which 
took place gradually during the war and made such heavy 
demands on all available psychiatrists, and the time-consuming 
nature of many of our psychotherapeutic procedures. But I 
believe there was also a growing realisation among many psycho¬ 
therapists during the months after Dunkirk that ordinary in¬ 
dividual psychotherapies of various sorts were not working very 
well in a critical test situation and many became discouraged 
with the treatment results achieved. At that time, however, by 
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pursuing a more total and all-round approach to treatment, and 
including sedation, sleep treatment, modified insulin, bar¬ 
biturate abreaction and the like among our methods, many of 
our patients were improving more satisfactorily. If a limited 
psychotherapeutic approach was used instead, hysterial conver¬ 
sion symptoms often continued to persist longer, and patients 
might drift into avoidable chronicity. Though it may not be so 
obvious, I am certain that the same sort of thing will happen 
again in peace-time if approaches to psychiatric treatment do 
not remain multidimensional. This does not decry the great 
value of psychotherapy, whether given individually or in groups, 
it merely emphasises its limitations along with most other 
methods of psychiatric treatment when used in isolation instead 

of as part of a total integrated therapy of a patient’s illness and 
symptoms. 

People have said that there was less hysteria in the recent war 
than in the first world war. Complicated psychological theories 
have been put forward to account for this. But before the wide 
adoption of front-line barbiturate sedation there was plenty 
of acute and chronic hysteria. Around the time of Dunkirk we 
had no less than 144 cases of amnesia, mostly hysterical, in our 
first 1,000 admissions to Sutton, and this was only part of the 
large numbers of varied hysterical cases that began to appear in 
our unit with the onset of active fighting and bombing. 2 We 
still have chronic Dunkirk cases to treat years later, those who 
generally drifted into our unit months after they initially broke 
down. We see fewer chronic Normandy cases today, despite the 
much more severe fighting and the larger numbers of acute 
psychiatric casualties that occurred there. Why was this? I 
believe that enormous sums of money have been saved the 
British and American governments in pensions because Dunkirk 
came to our rescue in time and again reminded us of an impor¬ 
tant fact—that the brain and the body must often be treated on 
the same sort of basic principles. It is just as important, for 
instance, to splint the nervous system, recently shattered by 
bombing, with heavy sedation, as it is to splint the broken limb 
until both can be reset. Psychotherapy was not found half so 
effective when a patient was still twenty pounds below his 
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normal weight as when that weight was also restored by a 
suitable physical treatment, such as modified insulin. Some 
psychiatrists, who did little active treatment themselves during 
the war, have suggested that the remarkable results obtained by 
treatment in the later military campaigns from Normandy 
onward indicate the value of psychotherapy and the use of the 
dynamic concepts of modern psychopathology when applied on 
a large scale. Believe me, this was far from the whole truth. At 
the beginning of the war, many were too conscious of being 
psychiatrists with their individual and limited doctrinaire 
methods of handling patients. Gradually we all had to learn by 
bitter experience to be good all-round physicians again, using 
every method of empirical treatment that might help our 
patients, or else take up other sorts of work. 

DRUG ABREACTION 

Drug abreaction, now called by such high-sounding titles as 
“narcoanalysis” or “narcosynthesis,” high-lights the necessity 
for the widest possible approach to treatment problems. Before 
the war we all knew t ic work of Lindemann, Horsely and 
others in using barbiturates for therapeutic and exploratory pur¬ 
poses in psychiatry. But who anticipated their widespread use in 
war neurosis? When Slater and I were fortunate enough to 
recognise their great value in the acute battle neuroses and first 
reported this after Dunkirk, it was largely an accidental dis¬ 
covery. We had obtained supplies of intravenous sodium amytal 
to use as a rapidly acting first-aid sedative in air raids. When we 
injected the drug in the first Dunkirk admissions, we did it for 
this purpose. What we noticed was that as the drug was injected 
recently paralysed limbs might suddenly regain their function 
or lost memories come flooding back almost of their own 
accord. Abreaction of recent traumatic experiences would often 
start off spontaneously with little help on the part of the doctor. 
We were, in fact, watching a physiological treatment of 
neuroses as much as a psychological one. It was generally in the 
more resistant and long-standing cases that strong suggestion 
was necessary to obtain the same results or difficulty was met 
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with in bringing about a necessary abreaction. Later in the war 
the use of ether as well as barbiturates made the production of 
an excitatory type of abreaction even easier. Therapeutically we 
found an intense re-excitation of the patient’s emotions some¬ 
times more important that what was being abreacted. This was 
an interesting observation, and we then started sometimes dis¬ 
torting incidents by suggestion under ether to make them more 
horrifying and to produce a greater release of nervous excite¬ 
ment and anger by the patient. Quicker relief was often obtained 
in this way. The mounting excitement produced seemed to dis¬ 
rupt existing patterns of neurotic behaviour or break through 
fixed or resistant states of cortical inhibition. At this stage in 
our work some of these forms of drug abreaction began to bear 
striking resemblances to the religious abreaction seen in your 
country in the gospel tents, and in the Methodist revival of the 
eighteenth century in England. A phase of artificially induced 
and stimulated emotional excitement, reaching a crescendo and 
often followed by temporary emotional collapse, might be fol¬ 
lowed by a feeling of relief from preoccupations with battle 
experiences, mental tension and guilt. 7 Is there too far a cry 
from the mental healing rites of the Corybantes in ancient 
Greece to the wonders of modern narcosynthesis ? I believe not. 
Some observations which I have published with Dr. H. J. 
Shorvon suggest some of the basic physiologic patterns common 
to such techniques. 8 

Because we were fortunate enough to find out the value of 
drugs to facilitate emotional release or break up recently 
acquired habits of neurotic behaviour in battle casualties so 
early in the war, we have in the last eight years been able to try 
out such methods on some hundreds of cases. What has im¬ 
pressed me is the variety of techniques that may have to be 
adopted to get a required result. Sometimes sodium amytal is 
the best drug to use; at other times pentothal. There are cases 
in which ether will succeed when barbiturates have failed. Some 
patients require a combination of ether and barbiturate. Follow¬ 
ing Fabing’s lead 9 with coramine, we have used combinations 
of^barbiturates and methedrine, a benzedrine-like drug injected 
intravenously. 10 This can stir up more excitement in certain 



TREAT MENT 


cases. Using a similar psychotherapeutic handling hut a variety 
of chemical agents one may achieve very different psychological 
results. This again suggests that the physiological effects of the 
various drugs used may sometimes he as important as the 
psychological influences that are brought to hear during treat¬ 
ment. It was only by combining psychological methods with a 
variety of such chemical aids that we were able to help the 
variety of cases and the numbers that have had to be handled 
during these past years. We are finding the same thing now 
with civilian patients. 


THE CHOICE OF TREATMENT 

This variety of methods that may have to be employed to get 
rid of even one symptom in different types of patients has been 
illustrated again and again in our recent treatment experience. 
Let me quote, for instance, the symptom of depersonalisation. 
Because of our very large turnover of patients a large series of 
cases have been investigated from Sutton, one of whose main 
complaints has been distressing feelings of unreality. 11 ’ 12 
This can be one of the most persistent of symptoms. Even 
analysts like Schilder have found the condition often totally 
resistant to intensive forms of psychotherapy. Yet one does find 
the occasional patient who is relieved by analysis or other 
psychotherapeutic methods. Some patients remit spontaneously 
with time. We have found that E.C.T. sometimes makes this 
symptom worse; an associated depression may lift but leave the 
depersonalisation untouched or aggravated. Insulin coma and 
modified insulin treatment are usually ineffective. Continuous 
sleep generally makes such patients feel worse. But we have 
found some who respond immediately to very severe emotional 
stimulation brought about by producing and releasing an intense 
degree of excitement under ether. Again the topic abreacted 
may not always be so important as the emotional release that 
accompanies it. One patient was relieved of his symptoms for a 
fortnight by two consecutive electroshocks on one morning 
given under insulin sopor; but this was found to be a rather 
risky procedure. In another patient, injecting a subconvulsive 
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dose of metrazol during an insulin sopor, which produced 
violent jerkings but no convulsion, immediately relieved the 
symptom which had been persistently present for over two 
years. There is a final and intractable group of patients 
which Dr. H. J. Shorvon at our hospital has shown to do sur¬ 
prisingly well with lobotomy. The procedure is not as extensive 
as that suggested originally by Freeman and Watts. Probably 
there are also less unpleasant sequelae because five out of the 
first six patients operated on returned to their work, re¬ 
lieved of symptoms, after years of suffering and incapacity. 
Again the point is clear—that in the modern treatment of 
neuroses no school has found the key to skilled treatment in one 
particular dogma or discipline. Supposing we had confined our¬ 
selves to one form of psychological or physical attack on this 
group of patients which had many features in common, only a 
small number of our patients might have got better. As it was, 
we succeeded in helping a larger number by using this wide 
variety of methods. Many of these treatments have certain 
points in common and one could easily speculate on why they 
worked. But in psychiatry of today it is so often better to stick 
to observed fact than get overburdened with added theory. 

This brings me on to the subject on which we have had to 
learn so much recently. How do you select your cases for these 
various methods of treatment? If the best psychiatric treatment 
is often multidimensional, how do you know on which planes 
to work? Here we are up against our ignorance of the real cause 
of nearly all psychiatric illness. As in general medicine, time and 
again one finds oneself thrown back on personal experience and 
past treatment observations. One has seen another similar case 
respond in a particular way when a certain treatment is applied. 
You try the treatment again and it works. So gradually the right 
selection of cases for a particular treatment emerges from care¬ 
ful clinical analysis and observation of each case. 13 You also 
learn the contraindications by your many failures. Sooner or 
later in psychiatry we must come to accept one of the limita¬ 
tions of scientific medicine—that it may take hundreds of years, 
for instance, to find out why scurvy is really cured by lemons. 
Until such knowledge is obtained, clinical observation is often 
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the important guide to treatment and not a multiplicity of 
theories. Perhaps the urge to explain treatments in psychiatry 
rather than to use them properly, if necessary on a purely 
empirical basis, is at the root of much of our present confusion. 

Many people insist today that to be a good therapist in 
psychiatry it is essential to have a personal analysis. This may 
help some people a lot. But I wish it were being further empha¬ 
sised at the same time that one cannot hope to be a good all¬ 
round therapist, despite an analysis, unless one has also had 
experience of treating various types of patients by as many 
methods as possible, and finding out from one’s own personal 
study which method or combination of methods is most likely 
to succed in any particular patient. Then one’s opinion on treat¬ 
ment becomes so much more worthwhile to the patient who 
consults you. It is generally difficult to learn these things from 
others. Treatment methods are rapidly changing and ad¬ 
vancing. We have to stay at the bedside all the time, for we 
hardly have time to master the indications and contraindications 
of any new form of treatment when another may be introduced. 
We have to try it out and compare it with previous ones before 
we can express a real opinion on its value. 

I have not by my remarks meant in any way to underestimate 
the great importance of psychotherapy, whatever treatment 
method you may be using. Transference situations enter into 
most forms of treatment. One sees psychotherapy at work even 
in the insulin coma ward, and the use of modified insulin and 
electroshock is often greatly enhanced by the skilled personal 
handling with which they are given. At Sutton we now have 
over ioo beds specially allocated for the study of group psycho¬ 
therapy techniques, psychodrama and the like. We also try to 
use such methods and give any individual psychotherapy neces¬ 
sary in the physical treatment wards. But we are still up against 
the important problem of which case to select for which treat¬ 
ment or combination of treatments. In group therapy we may 
have a new penicillin and yet be prescribing it without any idea 
of what diseases it cures and aggravates. This is a piece of 
research which is engaging my colleague, Dr. Maxwell Jones, 
at the present time. It may be just as wrong to submit patients 
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to months of group psychotherapy who would be relieved of 
their symptoms by a few electroshocks, as it is to use electro¬ 
shock treatment where any other method is really indicated. 
I am concerned today at the number of patients who tend to be 
sacrificed on the altar of psychiatric theory, rather than treated 
on a basis of psychiatric fact ascertained at the bedside by 
clinical trial and accumulated experience. 


TREATMENT OF PSYCHOSES AND NEUROSES 

I would like to say something about our experiences with 
early psychoses and the more intractable forms of neuroses. 
These have certainly been exciting years for those who have 
waited for the development of active rather than expectant 
methods of handling such patients. I have already remarked on 
the absence of the usual mental hospital precautions and closed 
wards in our hospital. We have been surprised, however, at the 
number of fairly acute psychotic cases diat it was possible to 
handle with the active use of treatments such as insulin coma, 
convulsion therapy, continuous sleep and the like. We could 
never have done this unless we had learned to use these methods 
efficiently and promptly in such an environment. Acute 
psychoses are like acute battle neuroses, and both may resemble 
the acute abdomen in their treatment. Rapid skilled diagnosis 
should be followed by the correct treatment instituted without 
delay. One should try to have an idea what any treatment is 
likely to accomplish before employing it, and what is the next 
treatment to be used if the first should fail. We should be no less 
skilful in these aspects of our work than physicians and surgeons 

have to be in their vital decisions on treatment. 

We have treated our schizophrenics in a small coma ward, 
allowing them to mix during the day with the neurotic patients. 
We find that even severe endogenous depressions do not usually 
commit suicide, despite their suffering, if the doctor institutes 
shock treatment rapidly, gains the full confidence of the patient, 
and continually re-emphasises to him that if he will only hang 
on for a week or so he will begin to feel better and eventually 
get well. Depressives often seem to commit suicide because they 
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feel so little can be or is being done for them. 1 see no other 
explanation of why I and another colleague have been able to 
carry out out-patient convulsion therapy for selected depressions 
in two different clinics for five years without a successful suicide. 
Before the introduction of E.C.T., we all know that the risk of 


suicide was greatest in the recovering stage of depression. Yet it 
is now r rarely seen when this treatment is really relieving a 
patient’s symptoms. 

If I would translate one treatment from the hospital wards to 
the out-patient department whenever possible, it is E.C.T. We 
have had every opportunity of seeing the harm that has been 
done to neurotics and some types of depressions by convulsion 
treatment, especially when given in too intensive or set courses 
in hospitals to the wrong patients. As an out-patient you 
probably get the case earlier for treatment and fewer treatments 


may then be necessary. If the individual is being made worse he 
often avoids coming to see you again. \ his gives both the doctor 
and the patient’s relatives time for mature reflection as to 


whether the right treatment has been adopted before further 
damage is done. Once in the hospital the victim may be dragged 
twice or thrice weekly to the slaughter. The small variations in 
the patient’s condition at home for better or worse, so carefully 
noted and reported to the doctor by an observant relative, may 
pass unnoticed in the general rush of work in a hospital ward. 
But it is on such small variation in response to each treatment 
given that the skilled therapist often bases his decision as to 
whether to continue or discontinue E.C.T. Very agitated cases 
need hospitalisation, of course. My remarks also do not apply 
to early acute schizophrenia. These last patients should usually 
be admitted to the hospital as soon as possible for insulin treat¬ 
ment rather than attempting out-patient treatment with E.C.T. 
For it then becomes a risky procedure and may delay by several 
weeks or months a patient’s proper treatment with insulin, 
possibly till a time when further deterioration precludes the 
chances of obtaining a satisfactory recovery. 

We have been fairly satisfied with our treatment results in 
early schizophrenics who will come into a unit of this type for 
insulin coma in the early stages of their illness. We generally 
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avoid the use of E.C.T. in early schizophrenia except as an 
adjuvant to insulin treatment where necessary. It should then 
be given sparingly and if possible in the early stages of coma 
when the patient has little memory of the nt and generally 
wakes up in a calm and more relaxed state. While the results of 
E.C.T. alone in schizophrenia have often been disappointing, 
this combined method can be superior to insulin alone. But 
here again there is no rule of thumb for all cases. Every case 
must be treated on clinical findings and the treatment varied 
accordingly. I wish I had more time to go into details of our 
experiences with such cases. 13 All I can add is that we continued 
to use insulin coma treatment in early schizophrenia under con¬ 
ditions of great difficulty but without a fatality all through the 
war because it seemed so much better than anything else avail¬ 
able. We do realize, however, that insulin or combined insulin- 
convulsion is not the final answer to the treatment of schizo¬ 
phrenia. Much further work needs to be done before we can say 
we have got a really satisfactory treatment even for all early 

cases of this disease. 

The use of modified or subcoma forms of insulin treatment 
also proved useful to us from the time of Dunkirk onward when 
we first learned by trial and error that it did not help endo¬ 
genous depressions but patients of good previous personality 
who showed anxiety, hysterical and reactive depressive symptoms 
accompanied by severe weight loss. 6 We hope we have now 
learned many of the indications and contraindications for this 
treatment as we have done around 1,000 cases. When selectively 
used it proves most useful in combination with psychotherapy 
in those patients in whom speed of treatment is important and 
who have gone through real stress and lost a lot of weight before 
final breakdown. States of tension accompanied by hysterical 
conversion may be helped. Modified insulin may help to con¬ 
solidate the almost dramatic improvements that can occur in 
some acute or chronic traumatic neuroses when the original 
traumatic episode precipitating the illness has been effectively 
abreacted. Then the patient is put on modified insulin to regain 
his weight and to stabilize the recovery. This treatment is only 
likely to become discredited, as did the somewhat similar Weir 
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Mitchell treatment years ago, when it comes to be used indis¬ 
criminately because of its successes; people expect too much of 
it, or select the wrong case. 1; I see some signs of this happening 
already. 

I think I should say a few words about our experiences with 
leucotomy. In 1938 1 had the good fortune to see some of 
Professor Freeman s early cases in Washington. I was allowed 
to examine them very carefully, and as a result it seemed to me 
that this treatment should not be reserved for only the most 
deteriorated cases of psychosis. For here, for the first time, I had 
seen an operation which went to the real core of anxiety 
symptoms and obsessional tension and relieved them in a way 
that I had not seen with any other treatment until that time. 
Furthermore, it is known to every brain surgeon and neurologist 
that the better the basic personality of the patient, the better he 
may do after most forms of operation and trauma to the brain. 
On return to England I tried to pick out selected neuroses and 
psychoses that had not responded to any other treatment in 
whom tension was prominent and try the effects of this opera¬ 
tion—especially those cases whose personality was still well- 
preserved despite their symptoms. In the past six years we have 
seen some satisfactory results in cases of intractable neuroses and 
tension depression with obsessional features. The better pre¬ 
served the personality, and the more reluctant we have been to do 
the operation because of this, the better has been the eventual 
result. 11 Those that have been disappointing have too often been 
those on whom we did the treatment in a more light-hearted 
manner because we felt so little was to be lost anyway. As 
mentioned before, the operations done on our patients have 
probably not been quite as extensive as those originally sug¬ 
gested by Freeman and Watts. Certainly the grave personality 
deteriorations presupposed by theory and reported by some 
workers have not generally been obvious. Among patients able 
to do satisfactory work after long periods of incapacity are 
estate agents, secretaries, typists, calculating machine operators, 
chefs, and the like. One patient of a colleague of mine, for 
instance, looks after her husband and seven children and does a 
part-time job to supplement the family income. We have treated 
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a few schizophrenics with leucotomy but I have not been so im¬ 
pressed with the results. General personality deterioration has 
been more pronounced before operation. One’s mind, however, 
does boggle at the possibilities for the relief of intolerable 
human suffering when this operation is modified and its pos¬ 
sibilities fully developed, and chronic patients are treated before 
the stage when disruption of total personality and family ties 
makes a satisfactory rehabilitation almost impossible. 

Obviously, I cannot discuss in this lecture a twentieth part of 
the detailed observation and experiences that have come out of 
the handling of so many patients in these past years. I have only 
been able to give you some very broad impressions. Some people 
have been disappointed with the treatment possibilities and 
advances in recent years, especially of the neuroses. In England 
some therapists have switched from individual to group treat¬ 
ments and have seen in this a strategic retreat in the face of over¬ 
whelming odds and previously unsatisfactory results. Others 
have gone over to preventive work of various types and see in 
this approach our best way of coping with present problems. 
But to me these last years have been very stimulating times. I 
remember, back in 1936 before I first came to the U.S.A., there 
was little that one could really do for the ordinary run of 
neurotic and psychotic patients except subject them to learned 
discussion and expectant sympathetic treatment, give psycho¬ 
therapy to as many as possible and intensive psychotherapy to 
the highly selected few. How things have changed in the past 
ten years ! We still have our psychotherapies and for others who 
come to us for help we also have group treatments, modified 
insulin techniques, insulin coma, E.C.T., better vitamin and 
endocrine therapies, and finally, leucotomy. There are now few 
early cases of mental disorder for which nothing can be done if 
all methods now available to us are used with skill and ex¬ 
perience. I believe the next ten years may see equally startling 
advances. Our present job is to digest the mass of knowledge 
and experiences, to handle the present treatments properly and 
keep our minds open so that new methods shall not be unduly 
delayed because we have become hide-bound in previous habits 
of treatment or theoretical preconceptions. We are still very 
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much in a pioneer country of rapid improvisation and change. I 
believe we have hardly crossed the frontier of treatment as we 
shall know it when we have better appreciated the fact that 
psychiatry and general medicine have been biologically one and 
indivisible in so many of the recent treatment advances. 

j 


GENERAL REHABILITATION MEASURES AND SOCIAL ASPECTS 

OF PSYCHIATRY 

So far, I have made no reference to more general measures of 
rehabilitation of the patient beyond psychotherapy or physical 
treatment. At Sutton we have several occupation shops, instruc¬ 
tors in various trades and good facilities for training left to us 
by the previous occupants of the building. More interest is now 
being taken by Government agencies in the employment of all 
types of disabled workers. An increasing number of patients is 
being sent for industrial rehabilitation, and the hospital is being 
provided with still further workshops and facilities for special 
training. Vocational testing is carried out on such patients, and 
officials from the Ministry of Labour attend each week to co¬ 
operate in placing our patients in suitable employments. 
Social workers help us to follow up our patients. We cer¬ 
tainly do all we can to readjust our patients socially when we 
have done all we can for them by our treatment. But I react to 
too much emphasis on such measures as many general physicians 
do when they have to put their patients, jaute de mieux , on 
light work or refer them to the massage or physiotherapy 
department. I feel that to some extent too great a reliance on 
such ancillary measures often spotlights our present therapeutic 
inadequacies and makes us complacent about our failures. I 
have been impressed with the fact that if you get your patient 
really well by skilled treatment, he can generally stand on his 
own feet, attend ordinary training centres and needs no special 
concessions. Our general measures of rehabilitation have to be 
increased in proportion to our failure to get our patients really 
well. But until therapeutic skill is much greater these additional 
measures will be needed. That will be for a long time to come. 

Also, my feelings toward what are now called the “social 
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aspects” of psychiatry are tinged with a real apprehension that 
psychiatry may expand its commitments too far at a time when 
we are not carrying out our responsibilities to those already 
under our care. Half the total hospital beds in England are 
filled with psychotic or neurotic patients. There is still so much 
treatment and research to be done on these patients of ours that 
one is worried to find psychiatry now trying to invade an ever- 
widening field of psychosomatic medicine and adding to its 
activities selection of personnel, advising on morale, marriage, 
industry, and the prevention of wars. In England, too much 
emphasis on the social aspects of psychiatry is also tending to 
make people regard us as a species of “witch doctor” rather 
than ordinary physicians. I know how useful such work can be, 
but I am alarmed at the ineffective dispersal of psychiatry that 
it may cause. One sometimes forgets that Freud altered the 
outlook for so many patients by careful study and treatment of 
very few. Moniz, by learning to insert a surgical knife or inject 
alcohol in the right place in the brain of ten patients, has saved 
us complicated methods of rehabilitation for thousands of 
chronic psychotics. Sakel, by observing the effects of insulin in a 
few morphia addicts, finally found a method which has helped 
so many schizophrenic patients. I am certain that, as in general 
medicine, it is from hospital work and detailed study of the 
patient that the great practical advances are still coming in the 
future, and this is where we should be concentrating most of our 
endeavours at the present time with our limited trained 
personnel. 

This interesting and restless propensity of psychiatrists to do 
everything but their own specialised work as doctors was already 
noticed by Weir Mitchell in the asylums of America in the nine¬ 
teenth century. In his great presidential address to the American 
Psychiatric Association in 1894 he said something like this: 
“You are labelled as medical superintendents and some of you 
allow your managers to think that you can be farmers, stewards, 
caterers, treasurers, business managers and physicians. Knowing 
what we do about the rate and growth of medicine, does any 
man in his senses think he can be decently competent? Insist to 
your managers that you are physicians and no more.” I think he 
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was right fundamentally, and we should have advanced much 
faster if we had heeded his warning. Today I hope he would 
again have said : “You arc called psychiatrists, and some of you 
allow people to think that you can also be industrial advisers, 
creators of morale, selectors of personnel for industry, experts 
on radio, marriage, films, politics and the avoidance of wars. Be 
doctors.” 

At the present time in England, and I do not know if it is the 
same here, there is often a tendency for a psychiatrist’s eminence 
to be in inverse proportion to his proximity to the individual 
patient's detailed treatment in hospital. The further he gets 
away from the personal day-to-day handling, the greater he 
becomes. But exactly here lies the greatest present challenge to 
our clinical skill. If you have heard a rather different approach 
from me than from those captains and kings of psychiatry who 
have visited you in the war years, you must blame it partly on 
the fact that I have tried to talk to you as an ordinary clinician 
from the realities of the patient’s bedside, rather than from the 
administrative office, the professorial chair, between Hying hos¬ 
pital visits or making momentous decisions on psychiatric 
policy. In general medicine and surgery the skilled treatment of 
individual patients and laboratory research still take precedence 
in importance over medical administration, sanitary inspection, 
public vaccination, campaigns in the community for diphtheria 
immunisarion, all functions which have some counterpart to 
those psychiatric activities of which we now tend to make so 
much. Such measures are obvious and essential adjuncts to our 
main work, but I would question some of our present psychiatric 
values which still seem to call for reorientation just as they did 
in Weir Mitchell’s time. 


FUTURE AIMS AND METHODS 

I do hope I have not bored you with these random observa¬ 
tions. I have tried to speak openly on matters that have affected 
me in my own work. I cannot hope to summarise my ex¬ 
periences in the last eight years, but I have learned that to be a 
good psychiatrist and to get the greatest number of patients 
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well, it is still necessary to remain a good all-round doctor. 
Every avenue of possible treatment approach must be explored. 
We have to concentrate on our tasks of research and of relieving 
the intolerable suffering of mental illness regardless of dogma, 
theory or belief. 

We have developed a lot of new treatment weapons to use 
and we shall probably have many more in our hands in the 
next few years. But psychiatric artillery must be more carefully 
aimed and directed to attainable objectives. We must not go on 
firing off any particular treatment weapon or theory blindly in 
all directions. The value of an artillery barrage is not the noise 
it makes but the degree to which it is concentrated on the correct 
objective. We must learn the right treatment of the right patient 
at the right time and by the right combination of methods. This 
will still be learned best by staying near the bedside in the 
broadest sense of the word, face to face with the grim reality 
of mental illness. A real desire to help patients in a practical 
and effective manner should also provide the needed stimulus 
to the retention of an open and inquiring mind. 

Medicine reached one of its lowest ebbs in progress when its 
physicians made over the day-to-day handling of their patients 
to the barber surgeons and spent too much of their time in 
abstract philosophy and generalisations on illness. In the 
psychiatry of today we must strive to avoid a similar state of 
affairs. For some of these new treatment advances have shown 
how specific varied treatments are for different symptoms of 
mental disorder. Some can do great injury to the wrongly 
selected patient. They are potentially as harmful, and yet as bene¬ 
ficial, as the surgeon’s knife, and have to be used with the same 
precision and judgment. If those qualities of careful diagnosis, 
skilled handling of patients, and their selective treatment along 
a variety of lines are to be developed fully in the future, we 
must follow attitudes of modern medicine, despite the limita¬ 
tions it imposes on metaphysical theory and speculation. We 
must also stop looking for the universal theory or treatment 
panacea common in certain types of psychiatric teaching today. 

Most important of all, we should be gradually learning from 
recent experiences that some of the greatest practical treatment 
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advances happen when we approach both our problems and our 
treatments on the same broad basis of attack that has brought 
about such stupendous progress in medicine and surgery in the 
last hundred years. Psychiatry must return to a general medical 
outlook instead of being a speciality apart, often talking a 
strange language, and sometimes adopting what may seem 
bewildering attitudes to the ordinary doctor. Much more rapid 
progress will then be possible. 


I have to thank numerous colleagues at Sutton who have worked with 
me in the past eight years and whose experience I have called upon in 
discussing certain aspects of treatment. The responsibility for the views 
expressed, however, is my own. I also thank the Editors of the Journal 
of Nervous and Mental Diseases and the North Carolina Medical Journal 
for permission to reproduce the greater part of this chapter. 
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O F the many problems arising in connection with the 

institutional treatment of the major psychoses, there are 
a few which arc of particular urgency. Our mental 
hospitals are now becoming overcrowded with patients suffer¬ 
ing from dementia prcecox and dementia senilis who are in 
need of institutional care. Both these groups arc increasing 
faster than we can discharge them from hospital or build more 
institutions, so that our mental hospitals are becoming changed 
at an alarming rate into nursing homes for dementia prcecox 
and old-age homes for the senile demented. Here I am consider¬ 
ing some of the problems arising in connection with dementia 
prcecox or the schizophrenia group. 

THE SCHIZOPHRENIAS 

I 

The first quarter of a century after Kraepelin’s introduction 
of the concept of dementia prcecox (1896) and the ten years fol¬ 
lowing Bleuler’s definition of his “schizophrenias” (1911) were 
spent in the discussion of the diagnosis. This involved the 
definition and precise delimitation of the manic-depressive 
states, schizophrenic reaction states, confusional psychoses and 
atypical psychoses—an academic discussion which is not yet 
finished. Mapother and Lewis 1 have pointed out that “it is 
still possible for two experts to disagree about what should 
properly be included under this name, yet over the diagnosis 
and prognosis of any particular patient they will attain a 
measure of agreement and certainty surprising to those who 
know the condition only from reading or limited experience.” 
Today we can surely admit that we have made too much of 
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the psychopathological aspect of the illness, and even if this 
study has been an interesting one for the physician it has done 
little to help our patients. Evidence is steadily accumulating 
that the schizophrenic diseases are caused by organic disturb¬ 
ances which are revealed by cerebral manifestations. There have 
been a number of investigations which have taken the somatic 
symptoms into consideration, but most of them have probably 
been carried out without sufficient attention to the finer points 
of technique, or often as isolated laboratory investigations in¬ 
sufficiently correlated with the clinical state. This has resulted 
mainly in contradictory findings, and the natural consequence 
has been disillusionment, abandonment and therapeutic in¬ 
activity leading to nihilism, so that those who did not believe 

that schizophrenia could be somatically conditioned got the best 
of the argument. 

Although Bleuler himself carefully avoided the prejudice of 
considering schizophrenia as a single pathological entity, and 
emphasised “the group of schizophrenias,” others have regarded 
it as a single condition, which could be studied by statistical 
methods. 

In the twenties Kretschmer published his very creditable 
work on physical constitution. This gave a real and solid basis 
for the elucidation of the somatic relations and the influence 
of constitution on the symptoms, course and prognosis of the 
disease. In spite of this, it did not tell us anything about the 
pathogenesis of the condition. Our “therapy,” mostly defensive, 
such as continuous baths and hypnotic drugs, was supplemented 
by occupational therapy. The therapeutic attitude may be 
described as “energetically expectant.” Not even Wagner v. 
Jauregg’s epoch-making malaria treatment of general paresis 
could force us out of our state of abandonment: this was 
reserved for Sakel with his insulin shock therapy. 

ii 

In spite of Sakel’s strange attempt at an explanation of the 

therapeutic effect, his insulin treatment rapidly won through 

and swept all countries like a tempestuous wind. This was due 

to our confidence in empiricism and in his successful thera- 
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peutic results in the group of early or initial schizophrenia 
(Sakel himself underlines initial ). Seventy per cent, gave full 
remission and a further eighteen per cent, social remission. By 
full remission was meant that the patient was practically cured 
and able to resume his previous work. We suddenly became 
enthusiastic and full of the zeal to cure. Shortly afterwards the 
cardiazol treatment was inaugurated. This therapy also was 
founded on empiricism like other well-recommended treat¬ 
ments. The hypothesis that epilepsy and schizophrenia do not 
occur in the same patient was untenable, but even this fact 
could not bring the treatment into disrepute. I he treatment 
was both simpler and cheaper even than insulin therapy. Later, 
new drugs, each of which claimed new advantages, were added 
to our therapeutic armament. Finally, the succession culminated 
in the introduction of electric convulsion therapy (E.C.T.), 
extremely simple and extremely cheap and praised as being even 
better and more effective than insulin or cardiazol. At the 
present time this treatment is used everywhere. 

The insulin treatment probably reached its climax in 1938 
and is now less used, because it is considered too elaborate. In 
some institutions it is used in combination with E.C.T. to 
moderate the convulsions. Cardiazol treatment, which probably 
reached its maximum use about 1939, is still used to some extent, 
but E.C.T. appears to be the treatment most relied upon at 
present. It is instructive, though not very encouraging, to think 
back and reflect on how many enthusiastic workers devoted 
their time to the insulin and later to cardiazol treatment, how 
excellent were the early results with schizophrenics, and how 
little these excellent treatments are used nowadays. As far as 

E.C.T. is concerned, in some countries it has already reached 
its peak and it is probably now declining. 

It is also instructive to note that at the beginning insulin 
treatment was supposed to be specific for schizophrenia in all 
its different manifestations; its application was then restricted 
to the dementia paranoides and catatonic types and only in the 
first six to twelve months of the disease. Convulsion therapy for 
schizophrenia has been given up in many hospitals in view of 
the doubt and uncertainty as to the results. On the other hand, 
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manic-depressive states are included in the indications for con¬ 
vulsion therapy. In these the prognosis is considered good in 
advance. Here, though not in every case, the duration of a single 
attack will probably be considerably shortened by convulsion 
therapy. The indications for E.C.T. have been extended to 
include even the neuroses, neurasthenias and insomnia. It may 
be questioned whether in some of these cases the premium 
which must be paid, namely, the risk of organic injury, may 
not be too high. 

There should be no need to consider isolated statistical investi¬ 
gations giving high or low figures for cured cases. 2 The pub¬ 
lished statistical surveys, containing at first the most excellent 
results, have little by little become less pretentious, at least as 
far as schizophrenia is concerned. The excellent results have 
surely become a matter of past history. It is not easy to assign 
any great value to statistical reports as long as ( a ) the group of 
patients treated varies in composition from one worker to 
another, mainly through differences in the diagnostic criteria; 

( b ) the technique of treatment is varied, being partly standard¬ 
ised and partly adapted to the needs of the individual patient; 

(c) the results of treatment in each case can neither be accurately 
determined nor clearly defined; and finally, (« d) no adequate 
control material has been provided. That insulin coma therapy, 
as well as convulsion therapy, treats the symptoms rather than 
the cause seems now generally assumed. All statistics published 
on the results of these methods of treatment agree that the form 
of the disease, no less than the duration, decisively influences 
the final results of the treatment. The earlier the patient is 
treated—if possible within six months from the start of the 
symptoms—the better the results. The efficacy of the treatment 
decreases rapidly if treatment is delayed. 

This important fact seems adequately explained by the investi¬ 
gation of Penrose 3 on the results of coma and convulsion 
therapy. His work is based on a principle which avoids the 
numerous pitfalls into which many previous investigators have 
fallen, and he emphasises the importance of adequate control 
material for comparison with the treated groups. “The principle 
underlying this comparison is to find out whether the number 
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of treated patients who are found still in hospital after a given 
period of time is greater or less than the number expected from 
the knowledge of the behaviour of a random sample of patients, 
matched for age and duration of illness.” 

Without going into details, it may be stated that in the 
Ontario Hospital, as in most mental hospitals containing a repre-r 
sentative group of psychotics of different types, on the average, 
thirty-six per cent, of the first admissions are discharged within 
six months, even without insulin coma or convulsion treatment, 
do interpret the high percentage of remissions in the group 
with o-6 months’ illness, as being the result of treatment “is 
likely to be fallacious. . . . Thus, in selecting early cases for 
treatment it may merely mean that we are selecting cases with 
a relatively favourable outlook in any circumstance.” 

An exact comparison of the insulin shock-treated group with 

a special control group did not show much difference between 

the percentages of remissions in the two groups. “However, at 

two years there seems to be a definite advantage shown in the 

shock-treated cases, j.e., 4*8 per cent, fewer on the books than 

expected. ... It seems probable that those patients who benefit 

from shock-treatment leave hospital sooner than they would 

otherwise have done. On the other hand, at the end of five years, 

we still have the same number left on our hospital books— i.e., 

42 per cent.—as we should have if there had been no shock 

treatment at all. It follows that the patients discharged after 

shock treatment are those who would, in any case, be discharged 
within five years.” 

Penrose s very sober-minded and unprejudiced examination 
of the results of insulin coma and convulsion therapy shows 
further that schizophrenics do not react favourably to electro¬ 
shock treatment”—in fact, they react even less well than to 
insulin or metrazol treatment. “The impression gained by study¬ 
ing these results is that though electroshock may have a place in 
the treatment of certain types of cases, notably those in whom 
the onset of acute mental symptoms is at the age of fifty or 
later, and whose reaction is of the affective type, it does not 

appear to be of any value and may even be harmful in cases 
diagnosed as schizophrenia.” 


221 



PERSPECTIVES IN N E U R O PS YC HIATR Y 

I he convulsion treatment, however, has also a debit side, 

i. While insulin treatment has still a semblance of physio¬ 
logical action, for the preparation is a physiological substance 
and the body is given a few hours in which to readjust, cardiazol 
gives the patient only ten to twenty seconds and E.C.T. but one- 
tenth of a second in which to prepare for a maximal strain of 
function. The latter treatment could be described as a salto 
mortale in the true sense of the word; it goes far beyond the 
realms of physiology. These operations cannot be compared with 
surgical ones, on the argument that these are equally unphysio- 
logical. No surgical operation, least of all on the brain, is so 
sudden, so unprepared for and so blindly done. 

2. In a rather high percentage of patients both cardiazol 
convulsions and E.C.T. cause loss of memory, impairment of 
concentration and euphoria; in other words, they produce a 
typical organic syndrome, which becomes more evident the 
greater the number of shocks given to the patient. In about 
seventy-five per cent, of cases as few as ten to twelve shocks will 
probably not produce troublesome symptoms of amnesia, but if 
more than fifteen are given, only about fifty per cent, of those 
treated are free from such after effects. 

3. A patient suffering from a “functional” illness, who is 
treated with E.C.T., will thus, in addition to the functional 
disturbance, run the risk of an organic injury, the strength, 
extent and duration of which cannot be foretold. 

4. The fact that the patient is euphoric, uncritical and unable 
to judge his own mental disability may not be so objectionable 
in itself. However, there is the danger that the physician may 
not fully appreciate this fact and may consider the treatment 
satisfactory because the patient does. 

5. The fact that E.C.T. is so extremely simple and cheap 
gives us the temptation to misuse it—for instance, in forcing an 
excited patient to rest “to provide a quiet ward.” (E.C.T. is 
sometimes used, or rather misused, in this way ad lib . I have 
seen patients who have had more than a hundred electroshock 
treatments even after an unsuccessful leucotomy.) 

The most recent therapeutic advance is the leucotomy opera¬ 
tion. Here we are aware that we are producing an irreversible 
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and irreparable injury in order to obtain a symptomatic improve¬ 
ment and that the responsibility for the injury is ours alone : 
but an adequate assessment of the results is not yet possible. As 
long as any hospital, or even any psychiatrist, can apply this as 
a routine procedure in psychiatric hospitals, ' the assessment 
of the therapeutic effect will be difficult or even impossible. 1 
Many of the operations may be done for quite inadequate 
reasons. I he field of indications will remain obscure; it may be 
extended not only to serious protracted cases of mental illness, 
but even to transitory and relatively benign conditions, so that 

all patients having resided in a mental hospital for twelve 
months be presented again to the medical staff and their cases 
reconsidered with thequestion of prefrontal leucotomy in mind" 
(Rees ). It is worth remembering that leucotomy also treats the 
symptoms and not the causes. I he ethical aspects have already 
been emphasised, amongst others, by Jung. G 

Only the restriction of the leucotomy operation to a few well- 
equipped centres will enable us to find out experimentally the 
most suitable functional tests to be used before and after opera¬ 
tion in order to get a clear-cut and sure interpretation of the 
effect and a standardisation of the technique of the operation. 
Further, this would also give the possibility of examining 
thoroughly the different parts of the thalamo-cortical tracts 
w.iich are cut and their significance both from the physio¬ 
logical and psychological point of view. 

i T ^ r V S somet ^^ n g depressing as well as unsatisfactory about 
the blind empirical way in which we have hitherto treated our 
patients belonging to this “group of schizophrenias." Whatever 
treatment we use—prolonged hot baths, large doses of hypnotic 
drugs or even drastic operations on the brain unlike anything 
used in any other branc 1 of medicine—we are treating without 
knowing anything of what we are treating and without know- 
mg the real effect of our treatment. We do not know the paths 
of the electric currents in the forebrain, or to what extent they 
injure or destroy neurons on the way. Golla (1943) has, in fact, 
regarded E.C.T. as a temporary leucotomy. Our treatment is 
hke shooting with a scatter-gun in a fog at an unknown target. 
Each of us would feel uneasy or shocked if any of our nearest 
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relatives were treated thus blindly. A surgeon may sometimes 
ns a patient s life when he operates and he may be unsuccess- 

U ‘ e * s °P cra dng on definite indications and only if proper 
con mons for operation are present: “A surgeon is a man who 
can operate and knows when to refrain” (Sinding-Larsen). 

ertain y we use E.C.T. in an attempt to help our patients, 
but atter decades of inactivity and therapeutic nihilism, we are 
pro ally reacting hyperactively. We feel that something has 
got to be done. We operate on the off-chance, without real 
knowledge, blindly; we do not shirk using drastic or heroic 
methods, hoping that if we stir things up with sufficient energy, 
everything will fall into order on its own. If we do injure the 
patient, we console ourselves with the thought that the prog¬ 
nosis in schizophrenia is bad or doubtful anyway and with 
melancholics we feel that to eliminate the excruciating depres¬ 
sion is worth the risk. 

But while we are running the risk, the patient may have to 
pay for it. Then the doctor, whose responsibility for the treat¬ 
ment is real and not merely formal, will have to decide whether 
the risk he has taken in the hope of relieving the patient’s 
symptoms is fully justified. As far as schizophrenia is con¬ 
cerned, those who are entitled to voice an opinion now seem to 
reject convulsion treatment as useless or injurious. 

hi 

After fifty years of hard work trying to elucidate the problems 
of artiology and pathogenesis, we have to admit that dementia 
preecox and the schizophrenias are still as obscure as before. 
Manfred Bleuler estimates that half the number of all patients 
in mental hospitals and a quarter of the total number of the 
insane are suffering from this fatal and mentally incapacitating 
illness. They represent an ocean of suffering and disaster. Their 
maintenance and accommodation alone require an enormous 
yearly expenditure. 

Our greatest problem is what to do under these circumstances 
to obtain an effective treatment. Dementia preecox is somatically 
conditioned and if we ask the physiologist or the physician 
they will probably advise us to proceed in the classical way, 
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which is, first, to examine the patient and then to base our 

therapy on our Hndings; that is to say, to endeavour to correct 

the functional disturbances we have found to be present. If we 

point out the enormous literature on somatic investigation in 

this held (Pighini, 1905, up to Hoskins, 1946) and all the 

contradictory findings, we will probably be advised to revise our 
approach to the problem. 

I he lack of success, in spite of persistent investigations, mav 
ic due to the possibility that we have been examining a oroup 
of diseases pathogenetically heterogeneous. Choosing a group of 
patients with similar psychopathological symptoms will not 
guarantee that they are identical in pathogenesis as well Even 
Kraepehn, who worked nearly all his life on the theory that a 
definite amology must always give the same pathogenesis, with 
similarity in symptomatology and course, at last had to abandon 
this hypothesis It is known, for instance, that the same cause 
namely, Spiroc/ueta pallida , may give rise to quite different 
symptoms in the manic, the depressive and the dementia forms 
of general paresis. On the other hand, quite different causes 

SaLnle C i?rh SamC . Sympt ° matiC a PP earance > « is evident, for 
example, in the epilepsies. 

We have, as human beings, a limited number of possible 

psychic reaction-mechanisms and each individual reacts accord¬ 
ing to his own individual diathesis. It does not matter whether 
a piano key is touched by a human finger, the paw of an animal 
or by mechanical means-the sound will always be that ot a 
piano. Unless we are sure of their pathogenetic homogeneity 
there is probably little to be gained by examining a Promt of 
P “ S ; We Wl11 do better perhaps, to start with a single tne 

the whole complex of functions* for a few days or weeks only 
We cannot assume that the functional disturbances are the same 
at the beginning, at the climax or in the terminal stages of an 
llness, for instance in hypertension, diabetes, or tuberculosis 

?°° ng aS do not know whl ch disturbances are of import- 

from several ranges at the same time. These functions may be 
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more or less related to each other, but probably not always to the 
same extent. The correlated psychic condition must be recorded 
day by day along with the rest, even if the psychosis itself is a 
terminal symptom, occurring when the fundamental metabolic 
disturbance has reached the limit of psychic adaptation. 

( Janziger put the onset of the illness at an average of twenty- 
two months before admission to hospital.) 

Such a complete and well-planned investigation we, as 
workers in mental hospitals, clearly cannot as yet undertake. It 
is a research task of great magnitude, requiring space, equip¬ 
ment and instruments more than we are able to provide. Team¬ 
work by specially trained workers in physiology, chemistry, 
enzymology and clinical research is essential, together with 
enough assistants of every sort—research workers, keen on the 
task and willing to work like desperadoes, even for years, on this 
particular problem. It is an undertaking for which the State 
will have to defray the expenses. However, if we regard the 
problem even from the viewpoint of the national economy, we 
can assert that as the State is spending millions annually on the 
unproductive, permanent maintenance of mentally disabled 
patients, it would not be unreasonable to devote, say, one per 
cent, of this expenditure to finding out if it is possible to reduce 
the main cost. Every accurate observation, seemingly un¬ 
important, may be of value because it may lead to further know¬ 
ledge. An investigation of this kind may give no rapid returns, 
but the reliability of the results will compensate for that. Many 
short cuts have been tried during the past half-century without 
success, and now an investigation on a really adequate scale is 
justified. 

What will be the task of those of us who are physicians in 
mental hospitals? We can probably contribute by preparing a 
programme of research as mentioned. Most of the psychoses 
included in the group of schizophrenias present symptoms 
coming from three main sources : 
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(a) Exogenous factors. 

There is an extensive literature on this subject (Maudsley, 
Bruce, Hunter, Billings, Watson, Cotton, Graves and, from the 
psychopathological aspect, Bonhoeffer and Krisch). 

There is no need to discuss in general terms to what extent 
local infections in the head or intestines can influence the devel¬ 
opment of the schizophrenic psychoses. It is more important 
to try to determine their effect in the single special case under 
investigation. In some patients an acute infection, or an acute 
exacerbation of a chronic infection, precipitates the actual 
psychosis; but in others it only affects the symptoms. 'The 
general experience is that a chronic infection cannot be con¬ 
sidered as the source of a psychosis, but it has a debilitating 
effect on the patient. Now and again the patient’s mental con¬ 
dition improves directly on the removal of the primary foci, and 
from this it would appear that the infection—the exogenous 

toxicosis—has been the additional or final stress which has 
caused the breakdown. 


The infccLon is not always evident and must be traced by 
all available methods: clinically, by X-ray and by blood picture. 
Exact and careful recording of rectal temperatures and pulse 
rate over a period of several months is much to be recommended 
as an aid to the removal of septic foci, and also for diagnostic 
and therapeutic purposes. Only when there is a regular normal 
rhythm in the temperature and pulse charts and a normal 
blood picture can we be sure that the infection has been over¬ 
come. Before starting the removal of the foci, the patient’s 
general physical state must be improved as far as possible. The 
removal must be carried out bit by bit, the problems tackled 
one at a time, singly, but radically. Merely “to pull a few teeth 
without doing a thorough and reasonably complete job, is not 
doing justice to the demand for real cleansing.” 8 

The improvement does not always follow directly upon the 
removal of sepuc foci, but takes place when the infection is 
really overcome, which may be weeks or even months later 
Not until this is done can we expect to see the psychosis free 
from complicating and modifying factors, when the picture is 
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often quite different from that seen prior to the removal of 
septic foci. 

(£) Constitutional factors 

Our next task is to find out how much of the symptom- 
complex is due to the psychosomatic constitution of the patient 
and how much depends on the endogenous factors we are 
trying to discover. Just as in the manic, the depressive or the 
dementia forms of general paresis, we attribute the psycho- 
pathological picture to the individual constitution of the patient, 
distinguishing between this and the characteristic findings in 
the spinal fluid, which are not constitutionally determined, so 
we should try to proceed in schizophrenia. Only the latter 
“endogenous” factors represent the real disease. 

(i c ) Endogenous factors 

The next stage is to determine to what extent metabolic 
defects or functional disturbances appear simultaneously with 
psychic changes, and then to follow up their correlation day by 
day. If we begin with simple tests which do not require com¬ 
plicated equipment— e.g . 9 pulse rate, temperature, body weight, 
blood pressure, B.M.R., diuresis, water balance and autonomic 
tonus—we may find that these results alone give us sufficient 
problems for following up. But the examinations must be done 
not just a few times, but daily or several times a week over a 
period of months and they must be closely correlated with the 
psychic state of the patient. Any lack of co-ordination in those 
functions which are normally closely related is very important. 

A defect of this kind may be revealed as a failure in the regu¬ 
lation of body temperature, giving a dysrhythmic temperature 
curve. Not until this plan is carried out, and we know the 
patient’s normal swings and variations in the different fields of 
organic function, can we start deciphering our findings. Then 
we can carry out different experiments on functional stress. The 
discussion of the results, their confirmation and significance will 
lead us to the consideration of the therapeutic problem. 

These investigations may appear simple, but nevertheless 
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they require good organisation and keen collaboration in order 
that accurate and complete records may be collected. Under 
such conditions one is forced continually to observe and con¬ 
sider, to examine and follow up both the patient and the single 
symptom or the functional disturbance, again and again, until 
they start to betray themselves and “speak in their own 
language” (Charcot). 

Thus the object of our investigation is not to study an 
abstraction, the conventional diagnosis of “schizophrenia,” but 
the individual patient , in order to find what disturbances of 
function can be pointed out. In this way we may be able to 
compensate for known functional disturbances of the body by 
more rational methods than by heroic, mutilating operations on 
the brain, the most highly differentiated organ of integration. 
In this way, we may be able to say that we have proceeded along 
physiological lines, according to general medical considerations 
and not like magicians pressing a button. In the long run this 
approach will surely give the best results. 

Even a few observations, trustworthy and reproducible under 
similar conditions, would be of great value. At present, and 
probably for a long time to come, we still are in need of accurate 
and complete data. The carrying out of these investigations 
may be our contribution as mental hospital physicians. 
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